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Bij de keiize der verhandelingen, die herdrulcf 
zoiiden u'orden, heeff hct iiitvoerend comite voor 
de herdeuJidng van de onfdekK-ing van hef Zeemait- 
effeet gemeend zicli fe moeien hepericen tot die 
gescliriften, die een rechtstveeTische weergave zipi 
van de erperhiienteele onderzoeTiingen of van 
overwegingen, die daarmede in verhand st-aan 
daarentegen alle samenvattende heschomvingen of 
voordracJifen achtenvege fe moeten laten. 

Yerreweg de meeste van Prof. Zeemak’s ver- 
handelingen zijn voor het eersf gepnhliceerd in de 
Zittingsverslagen der Kon. Ahodemie van Weten- 
schappen te Amsterdam. Daarom- is als regel 
aangenomen de hewerkmg in de Proceedings, de 
EngelscJie uitgave dier verslagen, te herdrukken. 
Enkele malen moest Mervan warden afgeweken, 
omdat latere hewerkingen in an der e tijdschriften 
iets uitvoeriger toaren, of kleine verheteringen 
bevatten. AcJiter iedere verkan deling en in de 
inkoudsopgave is de plaats van kerkom-st vermeld, 



ffjvrijl volledifjheidshalvc ooli niet opgenonien 
hPiverJiinffdi gcnoemd zijn. TToar dit een aikelen 
li'cer ii'eiificJielijli' hlce'k, zijn door de uitgevers Jtoy'te 
opmerl’ingen gemaakt, die fe vinden zijn acliter de 
hetroM'en verhandeling. De pJaatsen, waarop ze 
hefreJt'king hehben, zijn gemerkf met een asterisk. 

Be eerste verhandeling, die de geschiedenis van 
de ontdekking iveergeeft, is om haar fundamenteele 
beteekenis door ons in vier talen. iveergegeven. Het 
gebriiik van een grootere letter voor den eersten 
regel onderscheidt haar van de andere en doet 
mede haar bijzonder karakter uitkomen. 
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L OVER DEN IN VLOED EENER MAGNE- 
TISATIE OP DEN AARD VAN MET DOOR 
EEN STOP UITGEZONDEN LIGHT 

V ERSCHEIDEKE JAREX GELEDEX, BIJ 
gelegenlieid mijner metingen over het Ejerr- 
effect, kwam de gedachte bij mij oiJ of ook 
bet licht door een vlam uitgezonden zou kiumen 
Teranderen waimeer deze aan magnetischen 
inYloed oiidei”svorpen word. De gedaehtengang 
\vaardoor ik mij de mogelijkheid hiervan trachtte 
op te helderen, doet op ’t oogenblik minder 
ter zake, in alien gevaUe gaf bij mg aanleiding 
de proef te nemen. Met een geimproYiseerde 
inricbting werd bet spectrum Yan een natrium- 
vlam, geplaatst tusscben de polen van een 
electromagneet Yan Rtjsmkorfp, bekeken. Het 
resultaat was negatief. Waarsebgnlgk was ik niet 
spoedig op deze proef teruggekomen, wanneer niet 
voor een paar jaar mgn aandacbt was geYaHen op 
de Yolgende passage in een sebets over Farm)AT 
door Maxweijl. Hier (MAXWEiiL, Collected Works 
II p. 790) lezen wij : , before we describe this result 
we may mention that in 1862 be made tbe relation 
between magnetism and bgbt tbe subject of bis very 
last e:^rimental work. He endeavoured, but in 
vain, to detect any change in tbe lines of tbe 
spectrum of a flame when tbe flame was acted on 
by a powerful magnet.” Wanneer een Paradat aan 
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de mogelijklieid ran de geiioemde betrekking dacM, 
koii 't nog wel de mueite loonen met de tegen- 
vvoordige nitstekende hulpmiddelen op spectraal- 
anal>d:isch gebied de proef te herhalen, daar bet 
my iiiet bekend is dat dit door anderen gedaau 
■werd. Be nitkomsten waartoe ik tot dusver kwam 
wil ik mij Teroorloven in ’t koii mede te deeleu. 

2. De electromagneet waarvan in ’t vervolg 
sprake zal zijn was eeu RuHirKOEfF, middelsoort, 
De stroom die Toor de magnetisatie gebruikt werd, 
was afkomstig van een accumulatoren-batterij en 
bedroeg meestal 27 amperes en kon tot 35 amp. 
worden opgevoei-d. Het lieht van de gebruikte 
licbtbron werd ontleed door een tralie van Rowland, 
met een kromtestraal van 10 Eng. voeten en met 
14438 lijnen per inclL Het eerste spectrum werd 
bekeken en wel met een loupe van Eeesnll. Een 
fijn te verstellen spleet was geplaatst dicht bij de 
liditbron, die aan de magnetisatie werd blootgesteld. 

3. Tusschen de paraboloidisehe polen van den 
electromagneet werd bet middendeel van een 
BuNSEN-vlam geplaatst. Een stuk asbest met 
keukenzout doortrokken werd in de vlam gebracbt, 
zoo dat de 2 B-lijnen, in de loupe gezien, zicb scberp 
en fijn afteekenden tegen den donkeren acbter- 
grond. De afstand der polen bedroeg ongeveer 
7 mM. Werd nu de stroom aangezet, dan werden 
de beide B-lynen duidelijk verbreed. Ze keerden 
by ’t verbreken van den stroom in den aanvanke- 
lyken toestand terug. Optreden en verdwynen van 

I 
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de rerbreeding deden zieh roor oniniddellijk na het 
aanzetten resj), verbreken van den stroom. De proef 
kon een vriliekeuidg aantal malen herliaald worden. 

4. De BiinrsEX-vlain werd veiTangen door een 
gas-zmirstofvlam. Evenals in 3 werd asbest met 
keixkenzout doortrokken in de vlam gebraeht. Deze 
steeg veiticaal tusschen de polen naar boven. Werd 
nn de stroom weer aangezet dan werden wederom 
de D-lignen verbreed, zoodat ze wel 3 a 4 malen bnn 
oorspronkelijke breedte kregen. 

5. Bij de roode lijn van lithium, dat in den vorm 
van het earbonaat gebmikt werd, werden geheel 
analoge versehijnselen waargenomen. 

6. Men zal mogelijk in het gevonden verschijnsel 
(3, 4, 5) niets bijzonders zien. Men kan toch aldus 
redeneeren: Yerbreeding der speetraallijnen van 
een gloeiend gas wordt teweeggebraeht door ver- 
meerdering der dichtheid van het stralende lichaam 
en door temperatuursverhooging i). Nu wordt on- 
getwijfeld onder den invloed van den magneet de 
vorm van de vlam anders (wat gemakkelitjk te zien 
is) en daarmee dus de temperatuur. Men zou dus 
geneigd zijn alleen daardoor het verschignsel te 
verkiaren. 

7. Niet zoo gemakkelijk schijnt het een andere 
proef te verkiaren. Een porseleinen buis, van 
binnen en van buiten verglaasd, werd tusschen de 
polen horizontaal opgesteld met de as loodrecht op 


Zie edb-ter ook Pbingsheim (Wied. Arm. 45, p. 457, 1892). 

I 
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de verbiiidiiigslijn der polen. De inwendige mid- 
dellijn van de buis bedraagt 18 niM., de wanddikte 
2 ni]Nr. De lengte van de Iniis is 15 cM. Aan de 
einden zijn ojj de buis geschoven, namvsluitende 
stukkeiij waarop doppen met parallelle glasplaten 
voorzien geschroefd kimnen worden. Om die 
stukkeii zijn aangebracht kleine watermantels. Met 
doorstrooniend water kimnen aldus de koperen 
stiikken en daarmede de glasplaten voldoende koel 
worden geliouden, wanneer de porseleinen buis 
gloeiend wordt gemaakt. 

Terder zijn dicbt bij de glasplaten aan de koperen 
stukken zijbuisjes aangebraebt, die door kranen 
kimnen worden afgesloten. 

Een groote BuifSEN-vlam kon de buis ongeveer 
over een afstand van 8 cM. gloeiend maken. Het 
licht van een eleetrisebe lamp, die zijdelings een 
paar meters van den eleetromagneet af stond om 
inwerking daarvan op den licbtboog te vermjjden, 
werd door een metaalspiegel door de buis geworpen. 
Met het tralie werd nu het speetnun van het boog- 
licht ontworpen. Met de loupe werd ingesteld op 
de jO-hjnen. Dit kan zeer nauwkeurig geschieden, 
daar in ’t midden der liehtende D-lijnen door zelf- 
omkeering zeer fijne absorptiehjnen voorkomen. In 
de porseleinen buis werd nu een stukje natrium- 
metaal gebracht. De BuNSEN-vlam wordt aange- 
stoken en de verhitting neemt een aanvang. Een 

Pkinqsheim gebmikt bij zijn onderzoek over de straling 
der gassen een soortgelijke buis, L c. p. 430. 

I 
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gekleurcle damp ])egint weldra de buis tt- rallen, 
die eerst violet, dau blauw eu groen wordt eu eiiide- 
lijk onziehtbaar is voor "t bloote oog. In 't spectinini 
neemt bij 't stijgen van de temperatuur het 
absorptie-gebied snel af. Alleen in de buurt der 
I?-lijnen is eeii sterke absorptie. Eindelijk worden 
de 2 absorptie P-lijnen zichtbaar. Op dit oogen- 
blik worden de ixilen van den electromagneet tot 
vlak bij de buis gescboven, zoodat hun afstand 
ongeveer 24 mil. bedraagt. De absorptielijnen zijn 
nu vrg seherp geworden over het grootste deel 
hmmer lengte. Aan het ondereinde loopen ze 
echter breed nit, een gevolg van de grootere dicht- 
heid van de A'a-damp in het onderste deel der buis. 
Wordt nu de stroom gesloten, dan ziet men onmid- 
dellijk de lijnen 1>reeder en zicarter worden en on- 
middelliik weer in hun ouden vorm terugkeeren bij 
’t verbreken van den stroom. De proef kan naar 
willekeur herhaald worden, tot op ’t oogenblik 
waarop alle natrium verdwenen is. 

Dit verd’?\ijnen van ^t natrium meet voomameligk 
worden toegeschreven aan de inwerking er van op 
’t glazuur der buis. Bij verdere proeven werd 
daarom ook een niet-geglazuurde buis genomen. 

8. Voor de laatste proef (7) zal men mogelijk 
nog eene verklaring in de volgende richting willen 
zoeken. De gebruikte buis is zeker boven en be- 
neden niet even warm geweest, verder was de didit- 
heid van den A^a-damp, zooals uit den vorm der 
D-lijnen blijkt (7) merkbaar verschiUend op ver- 

I 
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sebillenrlo lioogte. Conveetiestroomen ten gevolge 
van iiet tcinpei-atuursversehil tiissclien boven en 
ondervlak waren dus zeker aanwezig. Onder zekere 
voor do hand liggonde onderstellingen kan men be- 
rekenen dat ten gerolge ran liet aanzetten ran den 
eleetromagneet drnkTerschillen in de buis ontstaan 
van dezelfde orde van grootte als die van het tem- 
peratmirverscliil afkomstig zijn. 

Bij de niagnetisatie zal dus bijv, de onderste 
dichtere laag dientengerolge meer naar het midden 
der bins gebracht -^'ordeii. Be lijnen zullen ver- 
breed wordeu. Hun breedte op een bepaalde hoogte 
wordt toch Toomamelijk bepaald door het aantal 
gloeiende deeltjes op die hoogte in de richting van 
de as der buis. Hoewel deze verklaring nog tot 
enkele moeilijkheden voert, valt er zeker iets voor 
te zeggen. 

9. De in (8) aangeduide verklaring van de ver- 
bi'eeding der lijnen is niet meer toepasselijk op de 
volgende Tvijzigiag der proef, waarbij een niet- 
geglazuurde buis werd gebruikt. De buis was in- 
wendig 10 mM. wijd, de wanddikte bedroeg ruim 
1 mM. De polen van den eleetromagneet konden 
op 14 mM. afstand gebracht worden. De buis werd 
inplaats van met een BTUsrsEK-vlam met een blaas- 
vlam in het midden helder roodgloeiend gehouden. 
De blaasvlam en de kleinere middellijn der buis 
maken het gemakkelijker deze boven en beneden op 
dezelfde temperatuur te brengen. Deze was nu 
hooger dan vroeger (7) en de iV"a-lgnen blijven 
I 
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Tooi*tclnrencl ziditbaar ^ i. Men kan nn afwaehten 
tot op ver^^cliiliende hoogten cle *Va-uainiJ dezeifde 
diehtheid lieeft. Dour vooitdurende draaiing der 
buis oni haar as lieb ik dlt nog bevorderd. Be 
absorptie-lijnen zijn nii van boveii tot l)eneden even 
breed. Bij aauzetten van den magneet verbreeden 
zieb nu plotseling de al^sorptie-lijnen over bun ge- 
beele lengte. Be verklarmg volgens de \vijze van ( 8) 
gaat nn niet op. 

10, G-aaiiie bad ik de uitwerking der magneti- 
satie op ’t sipectrum eener vaste stof onderzocbt. 
Erbiunioxyd beeft zooals BrxsEX en Bahb bebben 
gevonden de merkwaardige eigenscbap bij gloeiing 
een spectrum met heldere bjnen te geven. Bij de 
door mij gebniikte dispersie bbjken die lijnen 
eebter voor mijn doel niet seberp genoeg te zijn. 

11. Be verscbillende proeven, van 3 tot 9, heb- 
ben bet steeds Traarsebijnlijker gemaakt, dat de 
absorptie- en dus ook de emissiebjnen eener gas- 
vormige stof door magnetiscbe kraebten worden 
verbreed. Is dit bet geval, dan zouden dus onder 
den invloed van een magietiscb veld naast de eigen 
trillingen der atomen, die bet gewone lijnenspectrum 
teweegbrengen, trillingen van andere periode 
optreden. Ik boop door voortgezet onderzoek te 
kunnen uitmaken of bet inderdaad onvermijdelgk 
is deze specifieke werking der magnetisatie aan 
te nemen. 


Prdigsheim 1. c. p. 456. 
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U IT do voorstelliiig die ik mij ten slotte gevormd 
had, van den aard der kracliten, die in het 
magnetische veld op de atonien weiken, scheen mij 
te volgen dat bij een bandensx)ecti*um en uitTveiidige 
magnetische kraehten het door mij bij een lijn- 
speetimm gevonden versehijnsel zou nitblijven. 

Het is toeh zeer waarschijnlijk dat het onder- 
seheid tusschen een banden- en een lijnspectrum 
met op een qiiantitatief, maar op een qualitatief 
verschil bernst i). Bij een bandenspeetmm heeft 
men met samengestelde moleeulen te doen, bij een 
lijnspeetmm met sterk gedissocieerde moleeulen 
met weinig atomen. Het verder onderzoek heeft 
doen zien, dat de voorstelling die ik mij over de 
oorzaak der verbreeding big een lijnspectrum vorm- 
de inderdaad in hoofdzaak juist was. 

13. Een glazen buis aan de einden met planpa- 
rallelle glasplaten gesloten, werd opgesteld tusschen 
de polen van den E-demkokit, op dezelfde wijze als 
de porseleinen buis van § 7. Door een onder de buis 
geplaatst gasvlammetje werd het j odium ver- 
dampt, zoodat de violette damp de buis vulde. 

Met behulp van electrisch licht werd het absorptie- 
spectrum hekeken. Wegens de lage temperatuur is 


Katseb in WmssiMASs’s Handbuch 11. 1 p. 421. 
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dit liet bandt'iisjK'ftrum. Bij df* ffrunte gebmikte 
dispersie zif-t men i)i de bandeii e(‘n zeer groot aantal 
fijiie donkc'i'e liineii. Wurdt de stroom ora den 
magneet gesloten dan ziet men, in tegenstelling met 
wat de pi'oevt'ii met -V</-damp leeren. gren rei'an- 
dering in de denkeiv lijnen. Het uitblijven ran 
't verseliijnsel in dit geval gei'ft steun aan de op- 
ratting dat ook zelfs in de eevste proof met Xa- 
damx> '.v' 7 ) de coiireetiestroomen zonder inrloed 
zijii geweest. TVaiit im zijn de eonreetiestroomen 
tengerolge der inagnetisatie. die ik in dit geral 
nog mogeliik achtte, blijkbaar ouroldoende om eene 
rerandering ran het spectinun tetreeg te brengen, 
en ofsehoon ik dit niet aan den rorm der absorptie- 
lijnen zien kon (rg. § 7) is ook het bandenspeetrum 
ran j odium erenals het lijnspectrum zeer geroelig 
roor dichtheids- en temperatuursreranderingen. 

14. A1 stelden mijne hulpmiddelen mij ook niet 
in staat anders dan eene rooiioopige ruwe meting 
te rerriehten zoo meende ik toch dat het ran belang 
Tvas het bedrag ran de magnetische rerandering van 
den trillingstijd bij benadering vast te stellen. De 
verbreeding der D-lijnen naar weerszigden bedroeg 
zoowat 1/40 ran den af stand dier lijnen, terwijl de 
sterkte van het magneetveld zoo ongeveer 10^ be- 
droeg. Daaruit volgt dus een positieve en negatieve 
magnetische rerandering van ^Aoooo 

lingstijd. 

15. De gedachtengang, die ik in (1) noemde en 
waardoor ik er toe kwam naar een invloed der 
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magnetisatie te zoeken was aaiivaiikelijk deze. Is 
de beschouwing juist dat in een magnetiseh veld een 
rotatiebeweging ran den aether om de krachtlijnen 
bestaat (Keltemt en ^L^xwell) en mag men zieh de 
lichtstralmg voorstellen als reroorzaakt door de be- 
wegingen van atomen. t.o.v. het zwaaidepimt van 
bet moleemil, in allerlei banen, stel voor de eenvou- 
digheid rondvliegend in cirkels, dan zal de trillings- 
tijd of wat hetzelfde is de omloopstijd in die cirkols 
door tusschen de atomen werkende krachten worden 
bepaald en ziillen onder den invloed van de uit 
de magnetisatie voortvloeiende storende krachten 
tusschen aether en atomen, naar beide kanten af- 
wijkingen in den trillingstijd kunnen voorkomen. 
Het teeken van die afwijking zal natuurlijk bepaald 
worden door den zin der beweging gezien van uit 
de krachtlijnen. De afwpking zal des te grooter 
zijn naarmate het vlak van een cirkel meer tot een 
stand loodrecht op de krachtlijnen nadert. 

16. lets later helderde ik mij de zaak op door 
te denken aan den invloed uitgeoef end op de periode 
van een trillend systeem waimeer dit gekoppeld 
wordt aan een ander dat in' snelle rotatie verkeert. 
Lord EIelvust heeft, nu 40 jaar geleden, het volgend 
mechanisch probleem opgelost i). De uiteinden van 
een dun koord zijn vastgemaakt aan de 2 einden van 
een horizontale staaf, die met constante hoeksnel- 
heid om een verticals as door zign midden wordt 


*) Proc. R. S. 1856. 
I 
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rouflgedraaifl. eon tweede koord met eeii materieel 
punt bezwaard is midden aan hot eerste vastge- 
maakt. Onderzocht wordt nu de bcweging bij een 
kleine verst oring van liet imnt. Bij groote hoek- 
snelbeid wordt de oplossing vrij eenvou<lig. Cirkel- 
vorinige i^rwegingeii van bet ]>unt in versehillenden 
zin doorloopen. bebl)en lets andere i^erioden. Yer- 
gelijkt men den diibbelslinger met een liehtend 
atoom en de beweging van de di‘aaiende staaf met 
de rotatiebeweging om de magnetiselie kraehtlijnen. 
dan is de toepassing op ons geval duidelijk. 

Het belioeft wel geen betoog dat aan de boven- 
genoemde besehouwingen boogstens als aaimijzing 
van min of nieer analoge gevallen eenige waarde 
toekomt. Ik deel ze eebter mede omdat ze de eerste 
aanleiding tot mijn proeven waren. 

17. Tot een werkelijke verklaring van de magne- 
tische verandering van den trillingstijd scheen mij 
de theorie van Prof. Loeesttz den weg te wpzen. 
In die theorie wordt aangenomen, dat zich in alle 
liehamen kleine, electrisch geladen massadeeltjes 
bevinden, dat alle electrisehe versehijnselen op de 
ligging en beweging dezer „ionen” berusten en dat 
de liehttrillingen vibraties dier ionen zijn. Door de 
lading, ligging en beweging der ionen is dan de toe- 
stand in den aether geheel bepaald. Op zoo’n ion 
werken, wanneer het zich door een magnetisch veld 
beweegt, meehanische krachten als die waarvan 
boven sprake was en die dan ook de verandering 
in trillingstigd moeten verklaren. Prof. Loeentz 
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wien ik deze besehou^ing mededeelde, heeft dade- 
lijk de rriendelijkheid gebad mij aan te geven op 
welke ■v^iize de beweging van een ion in een magne- 
tiscb veld volgens zijne theorie wordt bepaald, en 
er mij op gewezen, dat vras de verklaring die uit 
zijne theorie voortvloeide juist, de speetraalstreep 
aan de randen cireidair gepolariseerd moet zijn. 
Het bedrag van de verbreeding van de spectraal- 
streep zou dan gebmikt kiumen worden om te zien 
velke verhonding tusschen lading en massa men in 
deze theorie aan een deeltje dat de beschou'wde licht- 
trillingen uitvoert toeschrijven moet. 

De zooevengenoemde hoogst belangrijke gevolg- 
trekldng van Prof. Lorentz, omtrent den polari- 
satietoestand in de magnetisch verbreede spectraal- 
lijn heb ik door de proefneming geheel bevestigd 
gevonden. (§ 20). 

18. We zullen nu de bewegingsvergelijMngen 
opstellen voor een trillend ion, dat zich in het 
XP-vlak beweegt in een homogeen magnetisch 
veld, ■vvaarin de magnetische kracht in de richting 
der positieve Z-as loopt en d^ waarde H heeft. We 
denken ons daarbg het codrdinaten-systeem zoo ge- 
kozen, dat van uit de positieve -^-as gezien, men door 
een draaiing over 90° in een richting tegengesteld 
aan die van den uurwjjzer de + X-as met de + F-as 
doet samenvallen. Laat e de lading (in electro- 
magnetische maat) van het positief geladen ion zijn, 
en m zign massa. De bewegingsvergelijkingen zijn 
dan: 

I 
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m 


d^xj 

d¥ 






De eerste terai van het tweede lid drukt de ge- 
wone elastisehe kraeht uit, die het ion naar zyn 
evenwiclitsstand temg drijft, de tweede de mechani- 
sche ki'aeht die van het niagnetiseh veld afkom- 
stig is. 

Hieraan wordt voldaan door: 


mits: 


X = « e*‘ ) 
y — Qe»t j 


( 2 ) 


ms^x = — + ) 

ms^0= — k^^ — eHsa J 


Hierin zijn nu K als gegeven te be- 
schouwen. 

In ’t bijzonder interesseert ons de trillingstijd T. 
Is, H—Q dan volgt uit (3) 


of: 





(4) 


*) Met een * "wordt hier en m het vervolg verwezen naar 
opmerkingen van de tiitgevers van dezen herdruk, die men 
telkens aan het einde der verhandeling vindt. 

Deze vergelijkingen hebben denzelfden vorm als die voor 
den slinger van Foucault en leiden natnnrhjk tot overeen- 
komstige resultaten. 
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Is TJ iiiet 0, dan ■\’indt men uit (3) bij benadering 
. 1: ( eB \ 

Koemt men T' don tiillingstijd in dit geral dan is : 

/i^- (5) 

k \ —'IkVjn) ^ 

De verhouding van de verandering in trillings- 
tijd tot den oorspronkelijken trillingst^d wordt: 

eH e HT 

1k\^m m 4 5r 


(6) 


Een bijzondere oplossing van (1) is die waarbij 
de ionen zicb bewegen in eirkels. Bewegen ze zieh 
in positieve riebting (d. vr. z. in de riehting van de 
wijzers van een uurwerk voor een waamemer die 
aan den kant staat ■'vaarbeen de kracbtl^nen loopen) 
dan is de periode iets kleiner, dan wanneer ze zicb 
in negatieve ricbting bewegen. De periode wordt 
in bet eerste geval bepaald door de waarde van (5) 
met bet benedenste teeken, in ’t tweede geval met 
bet bovenste. 

De algemeene oplossing van (1) leert dat bebalve 
eirkels door de ionen ook besebreven worden eUip- 
tisebe banen, die langzaam draaien. 

In ’t algemeene geval dat de oorspronkelijke be- 
weging van bet ion een willekeurigen stand in de 
ruimte beeft, bbjkt bet gemakkelijk dat de projeetie 
der beweging op bet X F-vlak betzelfde karakter 
beboudt. De projeetie der beweging op de F-as is 
een gewone enkelvoudige trilling, zjj is onafban- 
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kelijk van en heeft gevii invloecl op die in ’t X F- 
vlak en ondergaat dus geen inwerking van de 
niagnetische kracliten. Xatuurlijk is de nu gegeven 
bfcschouwiiig over de beweging van een ion alleen 
bedoeld als allereerste seliets van een theorie der 
liehtbewegingen. 

19. Stellen we ons een waamenier voor die een 
vlam, geplaatst in een magnetisch veld bekijkt in 
zoodanige richting dat de kracbtlijnen van hem af 
of naar hem toe loopen. Denken we ons dat die 
waamemer de ionen van § 18 zelf in hun beweging 
kan Tolgen, dan zal het volgende worden opgemerkt. 
Er zuHen ionen zijn die zich in cirkels bewegen en 
die dus eireulair gepolariseerd lieht uitzenden, door- 
loopen ze die rechtsom dan zal de trillingstijd bgv. 
grooter zijn dan toen er geen magneetveld was, 
linksom dan zal deze kleiner zijn. Er zullen ook 
ionen zijn die schijnen stil te staan en die zich in 
'werkelflkheid met onveranderden trillingstijd even- 
w^dig aan de krachtlijnen bewegen. In de derde 
plaats zullen er ionen zijn die zich schjjnen te be- 
wegen in draaiende eUiptisehe banen. 

Wil men overwegen welke toestand in den aether 
wordt opgewekt door de zich bewegende ionen, dan 
kan men gebruik maken van den volgenden regel, 
die door Prof. Lokentz uit de algemeene theorie is 
afgeleid. Heeft in een molecuul een ion P — 
waarvan de evenwichtsstand Pq moge heeten — 
twee of meer bewegingen tegelijh, in dien zin dat 
de vector Pq P op elk oogenblik verkregen wordt 
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door de vectoi'en Po P die op datzelfde tijdstip bg 
de afzouderlyke bewegiiigeii zouden voox’komen 
sainen te stelleu, dau wordt iii den aether, op een 
afstand die zeer groot is, in vergelgking met Pq P, 
de toestand verkregen door die, welke in de be- 
doelde afzonderlijke gevallen bestaan zouden, op 
elkander te supei’ijoneeren. 

Hieruit kan men vooreerst atleiden dat eene 
eirkelvoimige beweging van een ion in punten, die 
op de as liggen cireulaii* gepolariseerd licht geeft. 

Yerder kan men in plaats van de boven beschouw- 
de elliptische banen eene andere voor ons doel meer 
geschikte ontbinding kiezen. Men kan n.1. de be- 
weging die het ion heeft voor de magnetische kraeht 
werkt, ontbinden in eene rechtlgnige trilling even- 
vqjdig aan de -^-as en twee cirkelvormige (rechts 
en links loopende) in het X F-vlak. 

De eerste blijft onder den invloed der magneti- 
sebe kraeht onveranderd, van de laatste worden de 
trillingstgden gewigzigd. 

Door een tralie worden de van de ionenbewe- 
gingen afkomstige trillingen gesorteerd naar den 
triUingstigd dus de gdiede beweging in drie groepen 
gesplitst. De streep zal een triplet vormen. In 
alien gevalle laat zich wel verwaehten dat de 
spectraaUign breeder zal zgn dan zonder magneet- 
veld en de randen circulair gepolariseerd licht 
zullen uitzenden ^). 

Het bleek later dat Stoney, Trans. Dublin, IV, bet 
optreden van dubbele en drievoudige Ipnen in het spectrum 
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20. Eene bevestiging van de laatstc gevolgtrek- 
king mag zeker wel als t'Mi bewijs voor de juistlieid 
van de tlieorie van Prof. Lorextz worden aange- 
zieu. Ten einde door de proef Merover te beslissen 
werd de electromagneet van § 2 , maar nu met door- 
boorde i)o]en, zoo geplaatst dat de veibindingslijn 
der polen bet midden van bet tralie sneed. De 
D-lijnen werdeu bekeken met de loupe van Fresnel, 
waarin een veitieale diuad was gespaimen. 

Tusseben bet tralie en de loupe werden bet -^plaatje 

en de nicol geplaatst, die ik vroeger bij bet onder- 
zoek der normale polaire terugkaatsing op een ge- 
magnetiseerden spiegel beb gebniikt ^ ). Het plaatje 
en de nieol werden zoo ten opzicbte van elkaar ge- 
plaatst, dat recbts eirculair gepolariseerd licbt werd 
uitgebluscbt. Fu moet volgens bet vorige de ver- 
breede speetraallijn aan den eenen kant recbts aan 
den anderen links eirculair gepolariseerd zijn. 

Door een draaiing van den analysator over 90° 
moet bet licbt, dat eerst werd uitgebluscbt, worden 
doorgelaten en omgekeerd. Of wel keert men de 
ricbting van den stroom om, dan moet als eerst de 
recbter belft der lijn in den toestel zicbtbaar was, 
nu de linker bet worden. De draad in de loupe 
werd op de lijn ingesteld. Bij bet omkeeren van 


op dergelijke wigze door de draaiing van elliptiselie banen 
der „eleetrons” onder invloed van storende kraehten vcr- 
klaren -wil. 

Zeeman. Zitting Akademie 26 Januari 1895. 
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fleu stroom versprong cle zielitbare lijn! Deze proef 
kon naar wiliekeui* Iierhaalcl M'orden. 

21. Een geringe wijziging van bovenstaande 
proef is nog deze. Bij onveranderden stand van 

liet -7-plaatje woi’dt de analysator rondgedraaid. 

De verbreede speetraallijn vrordt dan bij een om- 
wenteling van den analysator tweeniaal breed en 
tvreemal smal. 

22. De electromagneet werd 90° in een horizon- 
taal vlak gedraaid van nit den stand van § 20, zoo- 
dat de kraclitlijnen nu loodreeht stonden op de ver- 
bindingslijn van de spleet met liet tralie. De randen 
van de verbreede speetraallijn bleken nu lineair 
gepolariseerd te zijn en wel in een vlak dat loodreeht 
staat op de lijn. Dit versehijnsel is omniddeUijk 
duideUjk uit de besehoumng van § 19. Men ziet 
de eirkels, waarin zich de ionen bewegen en die 
loodreeht op de krachtlijnen staan nu op hun kant. 

23. De proeven 20 tot 22 kan men als een be- 
wijs daarvoor besehouwen, dat de lichttrillingen 
veroorzaakt worden door de beweging van ionen, 
geligk die door Prof. Loeejntz in zijne eleetrieiteits- 
theorie zijn ingevoerd. Uit de gemeten verbreeding 
(§ 14) kan met behulp van betrekking (6), nu de 

verhouding worden gevonden. Het blijkt dan 

dat van de orde lO"^ is. hTatuurlijk kan deze 
uitkomst uit de theorie sleehts als een eerste bena- 
deriiig worden besehouwd. 
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24. Uit de proef van § 20 kan men afleiden of 
het pobitieve of het negatieve ion zich beweegt. 
Ixiopen de krachtlijnen in de richting naar het 
tj'alie. dan bleken de rechts circulai^ gejjolariseerde 
stralen eeu kleineren trilliugstijd te kiijgen. In ver- 
band met § 17 volgt daariiit dat het de positieve *) 
ionen zijii die zich bewegen of die althans een 
grootere baan besehrijven. 

25. Vooral nii de magnetiseering der speetraal- 
lijnen in de theoiie van Prof. Lorextz gemterpre- 
teerd kan worden, wordt het verder onderzoek er 
van zeer aanlokkend. Er dringen zich al dadelijk 
een reeks van verdere \n'agen op. Het scMjnt veel- 
belovend om voor versehillende stoffen, onder ver- 
sehillende omstandigheden van temperatuur en 
druk, bij versehillende sterkte der magnetisatie de 
beweging der ionen na te gaan. Het verder onder- 
zoek zal ook moeten uitmaken in hoeverre of de 
sterke magnetische krachten, die men aanneemt 
dat aan het oppervlak van de zon werken, de 
speetraallijneu daarvan kumien \vijzigen. 


Deze verhandeling is herdrtikt uit de Zittingsverslagen der 
Kon. Akademie van Wetenschappen te Amsterdam, 31 October 
en 28 November 1896, Deel V, pp. 181 — 184 en pp. 242 — ^248. ; 
Op p. 7 eindigt de mededeeling, die in de Zitting van ■ 
31 October 1896 aangeboden en in het verslag van dezelfde 
Zitting geplaatst werd. Het volgende is de herdruk van de, 
op 28 November aangeboden mededeeling. Deze laatste draagt i 
denzelfden titel als de eerate en is bedoeld als vervolg, het- 
geen behalve uit den inhoud blijkt uit de toevoeging van | 
het cijfer II aan den titel en de doorloopende nummering 
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(ler paragrafeii. In de <loor Prof. Zeejiax bewerkte puhlieatie 
voor Philosophical Magazine zijn daii ook heide mededcelingen 
achter elkander afgedrokt en in verhand daarniode is toen 
de slotzin van § 11 ec-uigszins gewyzigd vertaald. Het seheen 
ons eehter van l)elang dc historisclie toedi-aeht juist to laten 
nitkomen en in het Xederlandscli beido deeleii <ler vcrhande- 
ling gesehoiden te honden. 

* ) p. 13. In de noot is de tekst van Phil. Mag. gevolgd. 
p. 19. Voor deze jdaats geldt Prof. Zeeman 's noot in 
verhandeling II dezer verzaiueling, ji. 97. 



I. ON THE INFLUENCE OF MAGNETISM 
ON THE NATURE OF THE LIGHT 
EMITTED BY A SUBSTANCE 

S ETEBAI. ^UARR AfiO. I.V THE COX'RSE 
of my nieasimmients ('onceining the Kerk 
phenomenrai, it oeeurred to me whether the light 
of a flame if submitted to the action of magnetism 
would i>erhaps undergo any change. The train of 
reasoning by which I attempted to illustrate to 
myself the j)ossibility of this is of minor impoidance 
at present ^), at any rate I was induced thereby to 
try the expeiiment. With an extemporized appar- 
atus the spectrum of a flame, coloured with 
sodium, placed between the poles of a Ruhmkorff 
electromagnet, was looked at. The result was 
negative. Probably I should not have tried this 
experiment again so soon had not my attention 
been drawn some two years ago to the following 
quotation from Maxwell’s sketch of Faraday’s 
life. Here (Maxweix, ‘Collected Works’, II, 
p. 790) we read: — “Before we describe this result 
we may mention that in 1862 he made the relation 
between magnetism and light the subject of his 
very last experimental work. He endeavoured, but 
in vain, to detect any change in the lines of the 
spectrum of a flame when the flame was acted on 

") Gf. § 15 and § 16. 
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by a i)owerfiil masniet*'. If a Faraday') thought 
of the possibility of the above-mentioiiecl relation, 
perhaps it might be yet worth while to try the 
experiment again with the excellent auxiliaries of 
spectroscopy of the present time, as I am not awai'e 
that it has been done by others -). I will take the 
liberty of stating briefly to the readei’s of the 
Philosophical Magazine the results I have obtained 
up till now. 

2. The electromagnet used was one made by 
RuH3rK0P.FF and of mediimi size. The magnetizing 
current fiunished by accumulators was in most of 
the eases 27 amperes, and could be raised to 
35 amperes. The light used was analysed by a 
Rowland grating, Avith a radius of 10 ft., and with 
11,438 lines per inch. The first spectrum was 
used, and observed with a micrometer eyepiece 
with a vertical cross-wire. An accurately adjust- 
able slit is plac.ed near the source of light under 
the influence of magnetism. 

3. Between the paraboloidal poles of an electro- 
magnet, the middle part of the flame from a 
Bunsen burner was placed. A piece of asbestos 
impregnated with common salt was put in the 
flame in such a manner that the two i>-lines were 
seen as narrow and sharply defined lines on the 
dark ground. The distance between the poles was 

See Appendix for Faraday’s own description of the 
experiment. 

See Appendix. 
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about 7 inin. Tf tlio ciim-nt '.va> put <in, tbo two 
D-liiies were distil letly widened. Jf tin- eurreiit 
was eut off they returned to tlu'ir oritriiial position. 
The appearing and disaiipearine of the widening 
was simultaneous with the putting on and off of 
the current. The experiment could be repeated an 
indefinite number of times. 

4. The flame of the Bfnsex was next inter- 
changed Avith a flame of coal-gas fed with oxygen. 
In the same niamier as in 5 3, asbestos soaked AAitli 
conunon salt was introduced into the flame. It 
ascended vertically between the poles. If the 
current was put on again the Z>-lines were widened, 
becoming perhaps three or four times their former 
width. 

5. With the red lines of lithium, used as 
carbonate, wholly analogous phenomena were 
observed. 

6. Possibly the observed phenomenon (§§ 3, 4, 5) 
will be regarded as nothing of any consequence. 
One may reason in this manner: widening of the 
lines of the spectrum of an incandescent" vapour 
is caused by increasing the density of the radiating 
substance and by increasing the temperature ^). 
How, under the influence of the magnet, the outline 
of the flame is undoubtedly changed (as is easily 
seen) hence the temperature and possibly also the 


Cf., however, also PRiNGSEnsni (Vied. Ann. xlv. p. 457, 
1892). 
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density of the vajjour is changed. Hence one might 
be inclined to account in this maimer for the 
phenomenon. 

7. Another experiment is not so easily explained. 
A tube of porcelain, glazed inside and outside, is 
placed horizontally between the poles with its axis 
perpendicular to the line joining the poles. The 
iimer diameter of the tube is 18 mm., the outer 
one 22 mm. The length of the tube is 15 cm. 
Caps are screwed on at each end of the tube^); 
these caps are closed by plates of parallel glass at 
one end, and are surrounded by little water-jackets. 
In this manner, by means of a current of water, 
the copper caps and the glass plates may be kept 
sufficiently cool while the porcelain tube is rendered 
incandescent. In the neighbourhood of the glass 
plates, side-tubes provided with taps are fastened 
to the copper caps. With a large BTiisrsEisr burner 
the tube could be made incandescent over a length 
of 8 cm. The light of an electric lamp, placed 
sideways at about two metres from the electro- 
magnet, in order to avoid disturbing action on the 
arc, was made to pass through the tube by means 
of a metallic mirror. The spectrum of the arc was 
formed by means of the grating. With the 
eyepiece the H-lines are focussed. This may be 
done very accurately, as in the centre of„the bright 


Pringsheim uses similar tubes in bis investigation con- 
cerning the radiation of gases, 1. c. p. 430. 
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Z^-lines th«' narrow rrY»*rsKl linos aro often .se«*n. 
Now a pieee of sodium was iiitrodueed into the 
tube. The Bt xsEN flame is ifinited and the tem])er- 
ature beeins to rise. A coloured vajiour s*ion 
begins to fill the tube, being at first of a violet, 
then of a blue and green colour, and at last c]uit«* 
iimsible to the naked eye. The absorption soon 
dimini shes as the teiniJei‘atui*e is increased. Tlie 
absorption is especially great in the neighbourhood 
of the I>-lines. At last the two dark D-lines are 
visible. At this moment the poles of the electro- 
magnet are pushed close to the tube, their distance 
now being about 24 mm. The absorption-lines now 
are rather sharp over the greater part of their 
length. At the top they are thicker, where the 
spectrum of the lower, denser vapours was observed. 
Immediately after the closing of the current the 
lines widen and are seemingly 'blacTter; if the 
current is cut off they immediately recover their 
initial sharpness. The experiment could be repeated 
several times, till all the sodium had disapx)eared. 
The disappearance of the sodium is chiefly to be 
attributed to the chemical action between it and 
the glazing of the tube. For further experiments 
therefore unglazed tubes were used. 

8. One may perhaps try to account for the last 
experimeijfc (§ 7) in this direction : — It is true that 
the tube used was not of the same temperature at 
the top and at the bottom; further, it appears from 
the shape of the i?-lines (§7) that the density 
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of the vapour of sodium is different at dif- 
fei'ent heights. Hence certainly eonveetion-currents 
caused by difference of teini)eratui‘e between the 
top and bottom wei-e present. Under cei-tain 
plausible suppositions one may calculate that, by 
the putting on of the electromagnet, differences of 
pressure ai'e originated in the tube of the same 
order of magnitude as those caused by the dif- 
ference of temperature. Hence the magnetization 
will push c. g. the denser layer at the bottom in the 
direction of the axis of the tube. The lines become 
widened. For their width at a given height is 
chiefly determined by the number of incandescent 
particles at that height in the direction of the axis 
of the tube. Although this explanation still leaves 
some difficulties, certainly something may be said 
for it. 

9. The explanation of the widening of the lines 
attempted in § 8 is no longer applicable to the 
following variation of the experiment, in which an 
unglazed tube is used. The inner diameter of the 
tube, about 1 mm. thick, was 10 mm. The poles of 
the electromagnet could be moved till the distance 
was 14 mm. The tube now was heated by means 
of the blowpipe instead of with the Bunsen burner, 
and became in the middle part white hot. The 
blowpipe and the smaller diameter of the tube 
make it easier to bring the upper and lower parts 
to the same temperature. This is now higher than 
before (§7), and the sodium lines remain visible 
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continuously J). (hic now can wait till the density 
of the sodium vapour is the same at various heights. 
By !•( dating the tube ('ontiniiously round its axis I 
have still fui-ther promoted this. The absorption- 
lines now are equally broad from the top to the 
Iwittom. When the electromagnet was put on, the 
absorption-lines immediately widened along their 
whole length. Xow the explanation in the manner 
of § 8 fails. 

30. I should like to have studied the influence 
of magnetism on the spectrum of a solid. Oxide 
of erbium has, as was foimd by BrasEur or Bahr, 
the remarkable property of giving by incandescence 
a spectrum with bright lines. With the dispersion 
used, however, the edges of these lines were too 
indistinct to serve my purpose. 

11. The different experiments from §§ 3 to 9 
make it more and more probable that the absorp- 
tion- and hence also the emission-lines of an 
incandescent vapour are widened by the action of 
magnetism. hTow if this is really the case, then 
by the action of magnetism on the free vibrations 
of the atoms, which are the cause of the line- 
spectrum, other vibrations of changed period must 
be superposed. That it is really inevitable to admit 
•Hiis specifie action of magnetism is proved, I think, 
by the rest of the present paper. 

12. From the representation I had formed to 

PsraomraH, 1. c. p, 456. 
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myself of the nature of the forces acting in the 
magnetic field on the atoms, it seemed to me to 
follow that ^vith a band-spectrum and with external 
magnetic forces the phenomenon I had found with 
a line-spectrum would not occur. 

It is, however, very probable that the difference 
between a band- and a line-spectinim is not of a 
quantitative but of a qualitative kind ^). In the case 
of a band-spectrum the molecules are complicated, 
in the case of a line-spectium the widely separated 
molecules contain but a few atoms. Further invest- 
igation has shown that the representation I had 
formed of the cause of the ividening in the case 
of a line-spectrum in the main was really true. 

13. A glass tube, closed at both ends by glass 
plates with parallel faces and containing a piece 
of iodine, was placed between the poles of the 
Rtthmkorpf electromagnet in the same manner as 
the tube of porcelain in § 7. A small flame under 
the tube vaporized the iodine, the violet vapour 
filling the tube. 

By means of electric light the absorption- 
spectrum could be examined. As the temperature 
is low this is the band-spectrum. With the high 
dispersion used, there are seen in the bands a very 
great number of fine dark lines. If the current 
round the magnet is closed, no change in the dark 
lines is observed, which is contrary to the result 
of the experiments with sodium vapour. 

BIatseb in 'WinkeXiMAKn’s Handbndi, II 1, p. 421. 
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The absence of the phenomenon in this ease sup- 
ports the explanation, that even in the first experi- 
ment, with sodium vapour (§ 7), the conveetion- 
eurreiits had no influence. For in the case now 
considered, the eonvection-cuiTents originated 
by magnetism, which I believed to be possible in 
that case, apparently are insufficient to cause a 
change of the spectrum: yet, though I could not 
see it in the appearance of the absorption-lines 
(c/. § 7), the band-speetnim is, like the line- 
spectrum, very sensible to changes of density and 
of temperature. 

14. Although the means at my disposal did not 
enable me to execute more than a preliminary ap- 
proximate measurement, I yet thought it of 
importance to determine approximately the value 
of the magnetic change of the i>eriod. 

The widening of tiie sodium lines to both sides 
amounted to about ^/ 4 o of the distance between the 
said lines, the intensity of the magnetic field bemg 
about 10^ C.G.S. units. Hence follows a positive 
and negative magnetic change of ^Aoooo of the 
period. 

15. The train of reasoning mentioned in (1), by 
which I was induced to search after an influence 
of magnetism, was at first the following : — If the 
hypothesis is true that in a magnetic field a rotatory 
motion of the aether is going on, the axis of rotation 
being in the direction of the magnetic forces 
(Keslyust and MAXWEm), and if the radiation of 
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light may be imagined as caused by the motion of 
the atoms, relative to the centre of mass of the 
molecule, revolving in all kinds of orbits, suppose 
for simplicity circles; then the period, or, what 
comes to the same, the time of describing the circum- 
ference of these circles, will be determined by the 
forces acting between the atoms, and then deviations 
of the period to both sides will occur through the 
influence of the perturbing forces between aether 
and atoms. The sign of the deviation of course 
will be determined by the direction of motion, as 
seen from along the lines of force. The deviation 
will be the greater the nearer the plane of the circle 
approximates to a position perpendicular to the 
lines of force. 

16. Somewhat later I elucidated the subject by 
representing to myself the influence exercised on 
the period of a vibrating system if this is linked 
together with another in rapid rotatory motion. 
Lord ElELVnsr (now 40 years ago i) gave the 
solution of the following problem:— ^ Let the two 
ends of a cord of any length be attached to two 
points at the ends of a hoiizontal arm made to, rotate 
round a vertical axis through its middle point at 
a constant angular velocity, and let a second cord 
bearing a material point be attached to the middle 
of the first cord. The motion now is investigated 
in ■ the case when the point is infinitely little 


») Proc. Eoy. Soe. 1856. 
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disturbed from its position of equilibrium. With 
great angular velocity the solution becomes rather 
simple. Circular vibrations of the point in contrary 
directions have slightly different periods. If for 
the double pendulum vre substitute a luminiferous 
atom, and for the rotating arm the rotational motion 
alx>ut the magnetic lines of force, the relation of 
the mechanical problem to our case ^vill be clear. 

It need not be proved that the above-mentioned 
considerations are at most of any value as indica- 
tions of somewhat analogous eases. I communicate 
them, however, because they were the first motive 
of my experiments. 

17. A real explanation of the magnetic change 
of the period seemed to me to follow from Prof. 
Lorentz's theory i). 

In this theory it is assumed that in all bodies 
small electrically charged particles with a definite 
mass are present, that all electric phenomena are 
dependent upon the configuration and motion of 
these “io33s”, and that light-vibrations are vibra- 
tions of these ions. Then the charge, configuration, 
and motion of the ions completely determine the 
state of the aether. The said ion, moving in a 
magnetic field, experiences mechanical forces of the 
Irind above mentioned, and these must explain the 
variation df the period. Prof. Lokbntz, to whom 

liosmesz, La SkctromagnltiqTiie de Maxwku* 

Leyde, 1892 j axid Veiwich Theorie der electrigdhen. Tmd 
optis(diteii Bracli.dnuBge® in bewegten Bloipcm- Ldden, 1895. 
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I communicated these considerations, at once kindly 
infoimed me of the manner in which, according to 
his theory, the motion of an ion in a magnetic field 
is to be calculated, and pointed out to me that, if 
the explanation following from his theory be true, 
the edges of the lines of the spectinm ought to be 
circularly polaiized. The amount of widening 
might then be used to determine the ratio between 
charge and mass, to be attributed in this theory to 
a particle giving out the vibrations of light. 

The above-mentioned extremely remarkable con- 
clusion of Prof. Lorentz relating to the state of 
polarization in the magnetically widened lines I 
have found to be fully confirmed by experiment 
(§ 20 ). 

18. We shall now proceed to establish the 
equations of motion of a vibrating ion, when it is 
moving in the plane of {x, in a uniform 
noagnetic field in which the magnetic force is every- 
where parallel to the axis of z and equal to H. The 
axes are chosen so that if a: is drawn to the east, 
y to the north, z is upwards. Let e be the charge (in 
electromagnetic measure) of the positively charged 
ion, m its mass. The equations of motion then are: 


TT^V \ 

70 rrda; k 


( 1 ) 


These equations are like those of the Foucault pendnlimi, 
and of course lead to similar results. 
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The first term of the second member expresses 
the elastic force drawing back the ion to its 
position of equilibrium ; the second term gives the 
mechanical force due to the magnetic field. They 
are satisfied by 


x = x ) 
y=Se** ) 

provided that 

7ns^x = — k^x-^eHs^ j 
— eHsx ^ 


( 2 ) 

(3) 


where m, k, e are to be regarded as known 
quantities. 

For us the period T is particularly interesting. 
If H — Oy it follows from (3) that 


s = t 


Tc .2 3- 


or 


23rl/w 

k 


(4) 


If jff is not 0, it follows from (3) approximately 
that 

. k (y eH \ 

2kVm) 


Putting T' for the period in this case, we have 


r = 


2xVrn 


(^-2*1/^) 


(6) 


Hence the ratio of the change of period to the 
original period becomes 



eH e H T 

2^1''^^ m 4ir 


(6) 

I 



u 

A particular solution of (1) is that representing 
the motion of the ions in circles. If revolving in 
the positive direction (viz., in the direction of the 
hands of a watch for an observer standing at the 
side towards which the lines of force are running) 
the period is somewhat less than if revolving in the 
negative direction. The period in the first ease is 
determined by the value of (5) with the minus sign, 
in the second with the plus. 

The general solution of (1) shows that the ions 
describe, besides circles, also slowly rotating ellip- 
tical orbits. In the general case, the original motion 
of the ion having an arbitrary position in space, it 
is perfectly clear that the projection of the motion 
in the plane of (r, y) has the same character. The 
motion resolved in the direction of the axis of z 
is a simple harmonic motion, independent of andi 
not ^stobing the one in the plane of (x,y'), and 
hence one not influenced by the magnetic forces. 
Of course, the consideration of the motion of an 
ion now given is only to be regarded as the very 
first sketch of the theory of lufUiniferous motions. 

19. Imagine an observer Iboking at a flame 
placed in a magnetic field in a direction such that 
the lines of for(^ run toyrards;.or from him. 

Let us suppose that the said observer could see 
the very ions of - § 18 as they are revolving; then 
the following will be remarked: — There are some 
ions moving in circles and hence emitting circularly 
polarized' 'li^t; if^ the motion vis round in the 
I 
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positive direction the peiiofl will, fur instance, be 
longer than with no magnetic field; if in the 
negative direction, shorter. There will also be ions 
seemingly stationary and really moving parallel to 
the lines of force with unaltered period. In the 
third place there are ions which seem to move in 
rotating elliptical orbits. 

If one desires to know the state of the aether 
originated by the moving ions one may use the 
following rule, deduced by Prof. Lorentz from the 
general theory : — Let us suppose that in a molecule 
an ion P — of w'hich the position of equilibrium 
is Pq — has two or more motions at the same time, 
viz. let the vector PqP always be obtained by adding 
the vectors PqP which should occur in each of the 
component motions at that moment; then the state 
in the aether at a very great distance in comparison 
with PqP will be obtained by superposing the states 
which would occur in the two eases taken separately. 

Hence it follows in the first place that a circular 
motion of an ion gives circularly polarized light to 
points on the axis of the circle. 

Further, one may choose instead of the above 
considered elliptical orbits a resolution more suited 
to our purpose. One may resolve the motion of 
the ion, existing before the putting on of the 
magnetic force, into a rectilinear harmonic motion 
parallel to the axis of s and two circular (right- 
handed and left-handed) motions in the plane 
of 
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The first remains imelianged under the influence 
of the magnetic force, the periods of the last are 
changed. 

Br the action of the grating the vibrations 
oiaginated by the motion of the ions are sorted 
according to the period, and hence the eomj)lete 
motion is broken up into three groups. The line 
will be a triplet. At any rate one may expect that 
the line of the spectrum will be wider than in the 
absence of the magnetic field, and that the edges 
will give out eirculai’ly-polarized light ^). 

20. A confirmation of the last conclusion may 
be certainly taken as a confirmation of the guiding 
idea of Prof. Loeeotz’s theory. To decide this 
point by experiment, the electromagnet of § 2, but 
now with pierced poles, was placed so that the axes 
of the holes were in the same straight line with 
the centre of the grating. The sodium lines were 
observed with an eyepiece with a vertical cross- 
wire. Between the grating and the eyepiece were 
placed the quarter-undulation plate and nieol which 
I formerly used in my investigation of the light 
normally reflected from a polarly magnetized iron 
mirror ^). 


I saw afterwards that Stonet, Trans. Eoy. Soc. Dublin, 
iv., endeavours to explain the existence of doublets and 
triplets in a spectrum by the rotation of the elliptical orbits 
of the „eleetrons” under the influence of perturbing forces. 

ZEJsaiAN, ‘Communications of the Leyden Laboratory’, 
no. 15. 

I 



37 


The plate and the iiieol were ]tlac-eri r«'lativ(‘ly 
in such a manner that ritrht -handed eireulaiiy 
l>oIarized light was queneiied. Now aeeording to 
the preceding the widemnl line must at one edge Ik* 
right-hamled circularly-] Milari zed, at the other edge 
left-handed. By a rotation of the analyser over 
90"^ the light that was first extitignished will l>e 
transmitted, and vice verm. Or, if first the right 
edge of the line is visible in the apj)aratus, a reversal 
of the direction of the current makes the left edge 
visible. The cross-wire of the eyepiece was set in 
the bright line- At the reversal of the current the 
visible line moved! This 'experiment could be 
repeated any number of times. 

21. A small variation of the preceding exper- 
iment is the following. With unchanged position 
of the quarter-wave plate the analyser is turned 
round. The widened line is then, during one revol- 
ution, twice wide and twice fine. 

22. The electromagnet was turned 90“ in a 
horizontal plane from the position of § 20, the lines 
of force now being perpendicular to the line joining 
the slit with the grating. The edges of the widened 
line now appeared to be plane polarized, at least in 
so far as the present apparatus permitted to see, 
the plane of polarization being perpendicular to the 
line of the spectrum. This phenomenon is at once 
evident from tifaie consideration § 19. The circular 
orbits of the ions being perpendicular to the lines 
of force are now seen on their edges. 
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23. Tlie experiments 20 to 22 mar be regarded 
as a i>roof that the light-vibrations are caused by 
the motion of ions, as introduced by Prof. Lorextz 
in his theory of electricity. From lii * measured 
widening (§ 14) by means of relation (0;. the ratio 
e/m may now be deduced. It thus appt'urs that 
e/m is of the order of magnitude 10'* electro- 
magnetic 0. G. S. units. Of course this result from 
theory is only to be considered as a first ap- 
proximation. 

24. It may be deduced from the experiment of 

§ 20 whether the positive or the negative ion 
revolves. <■ 

If the lines of force were running towards the 
grating, the right-handed circularly-polari^d rays 
appeared to have the smaller period. Hence in 
connexion with § 18 it follows that the positive *) 
ions revolve, or at least describe the greater orbit. 

25. Now that the magnetization of the lines of 
a spectrum can be interpreted in the light of the 
theory of Prof. Lobentz, the further consideration 
of it becomes specially attractive. A series of 
further questions already present themselves. It 
seems very promising to investigate tiie motion of 
the ions for various substances, under varying 
circumstances of temperature and pressure, with 
varying intensities of the magnetization. Further 


*) Ab asterisk refers throughout to remarks by the editors 
to be found at the end of each paper. 
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inquiry must also decide as to how far the strong 
magnetic f« trees existing according to some at the 
surface of the sun may change its spectrum. 

The experiments described have been made in 
the Physical Laboratory at Leyden, to the Director 
of which, Prof. Kamerlixgh Ox’X'Es, I am under 
great obligations for continuous interest in the 
present subject. 

Amsterdam, Jan. 1897. 

APPENDIX 

Since the publication of my original paper in the 
Proceedings of the Academy at Amsterdam, and 
while the present paper was in the press, I have 
become acquainted with two attempts, till now un- 
known to me, in the same direction, and also 
with the original account of Paeadat’s experiment 
referred to in § 1. The last is to be found in 
Fae-adat's ‘Life’ by Dr. Bence Joisres, vol. ii. p. 449 
(1870), and as it is extremely remarkable I will 
reprint it here: ‘ 

“1862 was the last year of experimental research. 
Steunheil’s SiPparatus for producing the spectrum 
of different substances gave a new method by which 
the action of magnetic poles upon light could be 
tried. In January he made himself familiar with 
tile apparatus, and then he ^ried the action of the 
great magnet on the spectrum of chloride of sodium, 
chloride of . barium, chloride of strontium, and 
chloride of lithium”. 
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On March 12 he writes: “Apparatus as on last 
day (.January 28), but only ten pairs of voltaic 
battery for the electromagnet. 

'‘The colourless gas-flame ascended between the 
poles of the magnet, and the salts of sodium, lithium, 
&e. were used to give eoloui*. A Nicol’s polarizer 
was placed just before the intense magnetic field, 
and an analyser at the other extreme of the ap- 
paratus. Then the electromagnet was made, and 
unmade, but not the slightest trace of effect on or 
change in the lines in the spectrum was observed 
in any position of polarizer or analyser, 

“Two other pierced poles were adjusted at the 
magnet, the coloured flame established between 
them, and only that ray taken up by the optic ap- 
paratus which came to it along the axis of the poles, 
i e. in the magnetic axis, or line of magnetic force. 
Then the electromagnet was excited and rendered 
neutral, but not the slightest effect on the polarized 
or unpolarized ray was observed”. 

“This was the last experimental research that 
!Paradat made”. 

In 1875 we have a paper by Prof. Tait, who has 
kindly sent me a copy, “On a Possible Influence 
of Magnetism on the Absorption of Light, and some 
correlated subjects” (Proe. Roy. Soe. of Edin- 
burgh, Session 1875 — 76, p. 118). Prof. Tait 
remarks that a paper by ProfessonPoRBES, read at 
the Society, and some remarks upon it by Maxwell, 
have recalled to him an experiment tried by him 
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several times, but \vhi<‘h hitherto has led to no result. 
Then the i>ai)er pro('ee<ls: — 

“The idea is briefly this. — The exjdanation of 
FARArLW s rotation of the ])laiie of fjolarization of 
light by a transpai’ent diamagnetic requires, as 
sho%\ii by Thomsox. molecular rotation of the 
luminiferous medium. The plane-i)olarized ray is 
broken up, while in the medium, into its circularly- 
polarized components, one of which intates with the 
aether so as to have its i>eriod accelerated, the other 
against it in a retarded period. Now, suppose the 
medium to absorb one definite wave-length only, 
then — if the absorption is not interfered with by 
the magnetic action — the poidion absorbed in one 
ray will be of a shorter, in the other of a longer, 
period than if there had been no magnetic force; 
and thus, what was originally a single dark absorp- 
tion line might become a double line, the components 
being less dark than the single one.” 

Hence here the idea is perfectly clearly expressed 
of the experiment, tried in vain; an idea closely 
akin to that of § 15 above, both being in fact founded 
on Kelvin’s theory of the molecular rotation of the 
l umini ferous medium, though not directly ap- 
plicable to the esperiment of § 9, in which case the 
lines of magnetic force are perpendicular to the axis 
of the tube. 

In the second place I have to mention two papers 
by the late M. Fievez, to which attention has been 
drawn by M. van Atibel, in a letter to Prof. Onnbs 
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and intended for eomniunieation to the Academy 
of Sciences, Amsterdam. Prof. Oxnes read the 
letter at the January meeting, and made at the same 
time some explanatory remarks of which in the 
following I make free and extensiye use. The papers 
referred to are: — il. Fietez, “De I’Influence du 
Magnetisme sur les earacteres des Raies spee- 
trales’’ (Bulletin de VAcad. des Sciences de Bel- 
gique, 3® serie, tome ix, p, 381, 1885) ; and Fietez, 
“Essai sur I’Origine des Raies de Fraunhofee, en 
rapport avec la Constitution du Soleil” (lx. 3® serie, 
tome xii. p. 30, 1886). Here experiments are des- 
cribed as in § § 4 and 13 of the present paper. 
Nothing, however, is observed about the widening 
of the absorption-lines, nor about the polarization 
of the emitted light. The results obtained by M. 
Fietez merit careful attention and consideration. 
He has observed with a flame in a magnetic field 
not only widening but reversal and double reversal 
of the lines of the spectrum, the lines at the same 
time becoming more brilliant. Unfortunately quan- 
titative details are not given. The facts observed 
in some cases by Fietez are qualitatively not in 
accordance with my observations or what is to be 
deduced from my results. Hence even in the cases 
where the results are qualitatively in accordance, 
the question remains whether Fietez has observed 
the same phenomenon. The field used by Fietez 
seems to have been more intense than the one I had 
at my disposal. Is it possible perhaps to account 
i 
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in this manner for the “double renversc'raent (c’est- 
a-dire Tapparition d'lme raic brillante an millieu 
de la raie noire elargie) " ? 1 think the answer must 
be in the negative. For, arguing from § 19, a line 
must uiden. or else, the field being vei^ intense, 
become a triplet. "We caiuiot but understand from 
FiEtxz's description of the experiment that the 
light was emitted perpendicular to the lines of foree. 
Xow the double reversed line of Fievez is not the 
triplet to be expected from theory, for it is expressly 
stated by Fievez that the line experimented ujwn 
is not the simple line of the spectrum, but one 
previously widened and reversed (by some agency 
independent of magnetism). - By the action of 
magnetism a brilliant line in the centre of the black 
line appears. Hence perhaps one may interpret 
the ease of double reversal as a direct action of 
magnetism, but then only as a doubling of the 
absorption-line and not as a division of the original 
line into three parts. As the application of 
liOKEO^Tz’s theory given in § 18 is confessedly only 
a veiw first sketch, further theoretical and experi- 
mental evidence is wanted before we are able to 
decide whether' in the experiment of Fievez a 
specific action of magnetism on light or perturbing 
eireumstaiices have been prevalent. Indeed one may 
make the same objection to M. Fievez ’s experiment 
as I myself have made to my own analogous experi- 
ment in § 6. 

The whole of the phenomena observed by Fievez 
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can I'eadily bt* attributed to a ehange of temijer- 
ature by the well-known actions of the field upon 
the flame (change in its direction or outline, magiie- 
ti<' convection, &c.) ; and the last sentence of his 
X)af)er states that “les i)henomenes qui se manifes- 
tent sous raetion du magnetisme sont identiqueinent 
les memes que ceux produits par une elevation de 
temi>erature”. The negative result obtained by 
FIE^'EZ with absorption-spectra would without fur- 
ther consideration (as in § 12) point in the same 
dii'ection. The inference to be drawn from Fievez ’s 
experiments alone would rather be, I think, that 
the temperature of the flame is changed in his 
experiments than that a specific action of magne- 
tism on the emission and absorption of light exists. 
By experiments already in progress I hope to settle 
the dubious points. 

Summarizing we may say . — Had the experiments 
of Fievez come to my knowledge they would have 
been a motive for me to further investigation, 
Fievez not having prosecuted his inquiry up to a 
decisive result. At least at present it remains even 
doubtful whether the phenomenon observed by 
Fievez with a magnetized flame is really to be 
attributed to the specific action of the magnetic 
field on the period of the vibrations of light, which 
I have found and undoubtedly proved by the experi- 
mental confirmation of Lorbntz’s predictions. 

Amsterdam, February 1897. 
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This paper (without the Appendix) was published <»riginally 
in: Zittingsverslagen der Koii. Akademie van Wetens<*hap}>en 
te Amsterdam, October 31 ^^ and November 1896, English 
translations that differ only slightly from each other have 
been given together with the Appendix in: Communications 
fi-om the Physical Laboratoiy at the University of Leiden 
33 and 36, Philosophical Magazine (5) XLIII (March 1897) 
PI). 226 — 237 ^froni which the paper has been reprinted here) 
ami .Vstrophysieal Journal V <1897) pp. 332 — M7. 

* ) i>. 38. As regartLs this statement see Prof. Zeem.vx 's note 
to pai>er of this collection p. 97. 
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L DE L’INPLUENCE D’UN CHAMP MA- 
GNlilTlQUE SUR LA LUMIERE EMISE 
PAR UN CORPS 

TL Y A QCJELQUES ANNEES, DES MESU- 
1 res relatives au phenomene de Keee m'ont 
conduit a I’idee qu’un champ magnetique pourrait 
changer la lumiere emise par une flamme, et 
m’ont soUicite a eii faire I’experience. An moyen 
d’une installation provisoire j’ai observe le spec- 
tre d’une flamme de sodium, placee entre les 
poles d’un electro-aimant de Rtjhmkorff. Le resul- 
tat fut negatif. Je ne serais probablement pas 
revenu de sit6t sur cette experience, si je n’etais 
pas tombe il y a deux ans sur le passage suivant 
d’une notice de IdAXWELL sur Faeadat (Maxwell 
Collected Works II p. 790) : „Before we describe 
this result we may mention that in 1862 he made 
the relation between magnetism and light the 
subject of his very last experimental work. He 
endeavoured, but in vain, to detect any change in 
the lines of the spectrum of a flame when the flame 
was acted on by a powerful magnet”. Si un 
Faeadat i) a songe k la possibilite de cette relation, 
il n’etait peut-etre pas inutile de reprendre I’expe- 


Voir dans I’appendice la description de cette experience 
dans les temes memes employes par Fabaday. 
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rienee, quiy je pense, n’a pas ete refaite jusfiu'iei ^). 
en profitaut des aioyens actuels de I'analyse 
speetrale. Qu'il me soit i>erniis dex^joser ici les 
resultats de nies reeherches. 

2. Je me suis semi d'mi electro-aimaut de 
EnapiKOBFF de moyerme dimension. Le eourant 
etait produit par une batterie d’aceimiiilateui*s et 
atteignait le jjIus souvent 27 amperes, mais pouvait 
etre pousse a 35. I^a lumiere de la soui'ce lumineuse 
etait analysee par un reseau de Rovtlam), d’lme 
courbure de 10 pieds anglais de rayon, et de 14438 
traits par ponce. J’observai le spectre primaire a 
I’aide d’une loupe de Fresnel. Une fente facile 
a changer fut placee tout pres de la source lumi- 
neuse, exposes k Taction de Taimant. 

3. Entre les poles pai*aboloidaux de Telectro- 
aimant passait la partie moyenne d’une flamme de 
Bunsen. * Un morceau d’asbeste impregne de sel 
plongeait dans la flamme; les deux raies D, ^oies 
a la loupe, se dessinaient nettes et fines sur le fond 
obscur. La distance des poles etait d’environ 7 mm. 
Sous Taction du eourant les deux raies s’elargis- 
saient notablement, et revenaient I, leur largeur 
primitive apres la rupture. L’action etait instan- 
tanee et pouvait etre observee aussi souvent qu’on 
le d^irait. 

4. J’ai ranplace le bruleur de Bunsen pax une 
lampe oxy-hydrique. Comme au § 3 de Tasbeste 


Voir Tappendie^ 
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mibiljee cle tsel plongeait claiis la flamnie, qui 
a’elevait veiticalement eiitre les deux poles. Apres 
fernieture du cuui*ant les raies s’elargissaient 
encore, jusqu a prendre 2 a 3 fois leur largeur 
jjiimitive. 

5. La ligne rouge du lithium, employe sous 
forme de carbonate, presenta des phenomeiies en 
tous points analogues. 

6. Peut-etre ne verra-t-on dans ce phenomene 
(3, 4, 5) lien de bien particulier. On pent, en effet, 
raisonner de la fagon suivante: I’elargissement des 
raies d’un gaz incandescent provient d’une augmen- 
tation de temperature ^). Or, sans doute, Paiman- 
tation modifie la forme de la flamme (comme on 
pent le voir directement) done aussi sa tempera- 
ture. On serait done tente de voir la toute Fexpli- 
cation du phenomene. 

7. n ne parait toutefois pas aussi simple 
d’expliquer une autre experience. Un tube de 
porcelaine, emaille a I’interieur et a Fexterieur, fut 
installe horizontalement entre les poles avec Paxe 
perpendiculaii'e a la ligne des poles. Le tube avait 
18 mm. de diametre interieur, et ime paroi epaisse 
de 2 mm. sur 15 cm. de longueur. Ce tube 2) portait 
a ses extremit^s des pieces de metal, munies de 
plaques de verre faces parallMes, et entourees de 
petits refrigerants, dans lesquels passait un courant 

Voir eependant Pringsheim (Wied. Ann. 45, p. 457, 1892), 
Pringsheim employa nn. tube analogue dans ses recherches 
sur le rayonnement du gaz, 1. c. p. 430. 
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d'eau froide, qui, aba's nienie qiu* le tulx^ de porce- 
laine etait ineaiide-scent, refroidisjjait suffisainiuent 
le metal et les plaques de verre. 

Tout pres des plaques de verre les jjieees de 
cui^u‘e i>ortent des tubes lateraux, que des robiiiets 
l>euveiit fermer. 

Une grande flamme de Bt xsex ix>rtait le tube a 
rineandeseenee sur une longueur de 8 cm. La 
lumiere d’une lampe eleetiique, distante de 2 m. de 
Pelectro-aimant pour eviter I’action de ce dernier 
sur I'are voltaique, etait reflechie par un miroir 
metallique dans le tube, et re<,-ue sur mi reseau. Le 
spectre ainsi obtenu fut observe a I'aide d’une loupe 
installee sur les raies D. Cette installation peut se 
faire d’une fagon tres precise, ear les raies lumi- 
neuses donnent par renversement de fines raies 
d ’absorption. Bans ' le tube de porcelaine fut 
introduit un jietit fragment de sodium, la lampe 
de Bunsen allumee, et le tube chauffe. Bientdt 
une vapeur coloree oommenga a remplir le tube, 
d’abord violette, puis bleue et verte, et enfin 
invisible a I’oeil nu. Par I’elevation de la tempera- 
ture la largeur de la region d’absorption dans le 
spectre diminuait rapidement. Cette absorption 
n’etait forte que dans le voisinage des raies qui 
bientdt devenaient visible. A ce moment les poles 
de I’electro-aimant furent places tout pres du tube, 
leur distance devenant ainsi 24 mm. Les lignes 
d’absorption dtaient maintenant assez nettes sur la 
plus grande partie de leur longueur; k l’extr4mite 
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iiiferieiix*e cependant elles s’elargissaient, a cause 
d’une densite plus grande de la vapeui* du sodium 
dans la partie inferieure du tube. En fermant le 
eourant, j'ai vu les raies derenir immediatement 
plus larges et plus sombres et repreudre immedia- 
teinent leur nature primitive apres la rupture. 

L’experienee peut etre reprise a volonte jusqu’a 
ee que tout le sodium ait disparu. 

Cette disparition du sodium doit etre attribuee 
suitout a une action sur I’email du tube. C’est 
pourquoi dans la suite j’ai employe des tubes non- 
emailles. 

8. Pour I’expeiienee (7) on cherehera peut- 
etre une explication dans la voie suivante. Certatne- 
ment le tube n’avait pas la mome temperature en 
haut qu'en bas, et la densite de la vapeui* de sodium 
etait notablement differente pour differents 
niveaux, comme le prouvait du reste la forme des 
raies 2> (7). II devait done necessairement exister 
des courants de convection a cause des differences 
de temperature entre les divers niveaux. Moyen- 
nant certaines hypotheses d’ailleurs tres logiques 
on trouve que sous Taetion de raimant des diffe- 
rences de pression doivent prendre naissance dans 
le tube, differences du meme ordre de grandeur 
que cedes qui resultent de la difference de 
temperature. 

C’est ainsi que les coiiehes inferieures les plus 
denses p. ex. doivent etre rapprochees du centre 
du tube, ce qui tend a elargir les raies. Leur 
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largeur eii mi point depend en effet surtout du 
nombre de paiiicules incandescent es sur I’axe pas- 
sant par ce point. Bien que cette explication ne 
soit pas exempte de difficiiltes, elle est eependant 
admissible. 

9. C’ette explication (8) ne pent toutefois plus 
s’apiiliquer a la modification suivante de I’expe- 
rience, faite avee un tube non emaille, dont le dia- 
metre interieur etait de 10 mm. et la paroi epaisse 
de 1 mm. au moins. La distance des poles pouvait 
etre reduite a 14 nun. Le tube fut chauffe au rouge 
eclatant au moyen d’lm ehalumeau. L'emploi d’un 
chalumeau et d’lm tube plus etroit avait cet 
avantage qu’il etait plus facile d’obtenir a tous les 
niveaux la meme temperature. Cette temperatui*e 
etait plus elevee que dans Texperience (7) et les 
raies D restaient constamment visibles i). J’ai 
attendu jusqu’a ee que la densite de la vapeur fut 
de venue partout la meme, resultat auquel je suis 
meme arrive plus vite en toumant continuellement 
le tube; les raies d ’absorption 6taient maintenant 
partout egalement larges. En faisant fonctionner 
I’eleetro-aimant j’ai vu les raies s’elargir sur toute 
leur longueur. 

10. J’aurais volontiers etudie I’influence d’une 
aimantation sur le spectre d’un corps solide. 
L’oxyde d ’erbium a, d’apres Bunsen et Bahr, la 
remarquable propriete de donner par incandescence 


PRmGSHEiM: 1. e. p. 456. 
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un spectre a rates lumineuses. Pour la forte dis- 
persion dont je me servais, ces lignes n'etaient 
toutefois pas assez nettes. 

11. Ces experiences 3 a 9 out rendu de plus en 
plus probable que les forces magnotiques tendent a 
elargir les rates d ’emission, done aussi d ’absorption 
d’une substance gazeuse. S’H en est ainsi, il faut 
que sous rinfluenee d’mi champ magnetique, a cote 
des vibrations atomiques qui produisent le spectre 
ordinaire, prennent naissanee des vibrations avec 
d’autres periodes. Je pense que la suite de la 
presente notice prouve suffisamment qu’il existe 
reellement ime action specifique du magnetisme. 

12. D’apres Tidee que je me suis faite de la 
nature des forces qui, dans un champ magnetique, 
agissent sui* les atomes, il me semblait que pour un 
spectre a bandes d ’absorption je n’observerais plus 
le phenomene que je venais de trouver pour un 
spectre h raies. 

Il est en effet tres probable que la difference 
entre ces deux especes de spectres n’est pas seule- 
ment quantitative, mats qualitative i). Tin spectre 
a bandes est produit par des molecules complexes; 
mi spectre a raies par des molecules avec un petit 
nombre d ’atomes, et dissociees. La suite de mes 
reeherches a fait voir que I’idee que je me suis faite 
sur la cause de I’elargissement des raies etait exacte 
en prineipe. 


Kavser dans le Handbuch de WiNKEiiMANN II, 1, p. 421. 
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13. Un tube cle verre, ferme par cles j)laques de 
verre a faces jjaralleles, a ete installe entre les poles 
de raimant Rltevitcorff, tout conime le tube de 
porcelaine du § 7. Une petite flamme d’un bee de 
gaz chauffait de llode eiifei-me dans le tube qiii se 
reniplissait d'mie vapeui’ ^dolette. 

Le spectre d 'absorption fut observe a la luiniere 
electrique; e’etait un spectre a bandes, eu egard a 
la basse temperature. La dispersion etait si forte 
que dans les bandes on voyait plusieui-s raies fines 
et obscures. En actionnant I’aimant je ne voyais, 
en contradiction avec les experiences au moyen de 
sodium, auciin ebangement dans les raies obscures. 

L ’absence du phenomene prouve que meme dans 
la premise experience avec la vapeur de sodium 
(§ 7) les courants de convection etaient sans 
influence. Ces courants, produits par I’aimanta- 
tion, qui pouvaient exister aussi dans le cas present, 
etaient evidemment insuffisants pour produire un 
ebangement dans le spectre; et bien que je n’en 
pouvais rien voir a la forme des raies d ’absorption 
(voir § 7), les bandes spectrales etaient cependant 
tres sensibles aux ebangements de densite et de 
temperature. 

14. Bien que les ressources dont je disposals ne 
me permettaient pas de faire autre cbose qu’une 
mesure grossi^re, il me paraissait pourtant int^res- 
sant de determiner approximativement la grandeur 
de la variation magnetique produite dans la duree 
d’une vibration. L’elargissement des raies D etait, 
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de part et d'autre, a peu pres 40 ^^ de leur distance 
dans un champ niagnetique d ’environ 10^. Cela 
correspond a im cliangement positif et negatif 
d’environ ^/ioooo”® la duree d’une vibration. 

15. Void quel est I’ordre des idees qui m’ont 
conduit a chercher s’il est vi*ai que dans un champ 
magnetique il existe un mouvement rotatoire de 
Tether autour des lignes de force (Kelvot et Max- 
v’ell), et si Ton doit se representer le rayonnement 
lumineux eomme produit par les mouvements des 
atomes par I'apport au centre de gravite des molecu- 
les. Dans ce cas la duree d’une vibration sera deter- 
minee par les forces inter-atomiques, de sorte que 
sous Tinfluence des forces produites par I’aiman- 
tation entre Tether et les atomes materiels, il pourra 
se produire des ecarts de cette dur6e normals, dans 
les deux sens. Le signs de Tecart sera evidemment 
determine par le sens du mouvement, vu de la direc- 
tion des lignes de force. L’ecart sera d’ailleurs 
d’autant plus grand que le plan de vibration se 
rapprochera davantage d’une position perpendieu- 
laire a ees lignes. 

16. Je me suis fait plus tard une representation 
plus nette du phenomene, en songeant a Tinfluence 
que peut avoir sur un systems en vibration Taccou- 
plement d’lm autre, anime d’un mouvement de 
rotation rapide. Il y a une quarantaine d’annees. 
Lord Kelvin’ a resolu le problems suivant i). Les 


Proc. E. S. 1856. 
I 
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extreniites d’mie fine corde sont attachees aux deux 
extreniites d'une tige iiorizontale, animee d’lme 
rotation unifonne autoui* d’un axe vertical passant 
I)ar son milieu; une seeonde corde, portant un point 
materiel, est attachee au milieu de la premiere. On 
demande quel est le mouvement du point materiel, 
derange de sa position d’equilibre. Si la vitesse 
angulaire est grande, la solution est assez simple. 
Des mouvements circulaires du point, executes en 
sens contraire, ont des periodes quelque pen diffe- 
rentes. Si I’on compare le pendule double a un 
atome lumineux et le mouvement de la tige a la 
rotation autour des lignes de force magnetiques, le 
resultat de la comparaisoii est evident. 

H va de soi que ces considerations ne presentent 
d 'autre inter^t que de sei*vir d ’indication pour ce 
qui doit se passer dans des cas plus ou moins 
analogues. Je les communique cependant parce 
qu’elles ont constitue le point de depart de mes 
experiences. 

17. La theorie electromagnetique de M. Lorentz^) 
me semblait particulierement propre a donner une 
veritable explication du changement magnetique de 
la duree des vibrations. 

Dans eette theorie on admet que dans tons les corps 
il existe de petites masses electrisees, ou „ions”, 
dont les mouvements constituent tons les pheno- 


Lorentz. Arch. N4erl. T. XXV ; et : ,,Versueh einer Theorie 
der electrischen iind optischen Erseheinxmgen in. hewegten 
Korpern.” Leiden, 1895. 
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menes eleetriques ; les vibrations Imnineuses seraient 
des vibrations de ces ions. L’etat de I’etber est 
determine entiereraent par la charge, la position 
et le mouvement de ces ions. Sur ces ions, se mou- 
vant a travers nn champ magnetique, agissent des 
forces comme eelles dont nous v'enons de parler, et 
qui doivent done aussi pouvoir expliquer un change- 
ment dans la duree des vibrations. M. Loeentz, h 
qui j’ai expose mes idees, a eii immediatement la 
bienveillance de m’indiquer comment, dans sa 
theorie, on arrive aux equations de mouvement d’xui 
ion dans un champ magnetique, et il m’a fait 
remarquer que, d’apres sa theorie, les bords de la 
raie spectrale devaient Stre eirculairement polarises. 
La grandeur de Telargissement determinerait meme 
le rapport de la charge a la masse de la particule 
executant les vibrations lumineuses considerees. 

Cette consequence particulierement importante 
de la theorie de M. Loeewtz, savoir I’etat de pola- 
risation de la raie spectrale elargie par I’aimanta- 
tion, je I’ai trouvee verifiee par 1 ’experience (§ 20), 

18. Etablissons maintenant les equations de 
mouvement d’un ion, vibrant dans le plan x y, dans 
un champ magnetique homogene, I’axe des z positifs 
dormant la direction de la force magnetique dont 
I’intensite est M. ITous choisissons le systlme des 
coordonnees de telle maniere qu’une rotation de 90°, 
en sens eontraire au mouvement des aiguilles d’lme 
montre, et vue des z positifs, fasse coincider les x 
positifs avec les y positifs. Soient e la charge 
I 
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(mesure electromagnetique) de Tion charge d’elec- 
tricite positiye, et m sa masse. Les equations de 
mouvement sont 






Le premier terme du second membre est la force 
elastique ordinaire, qui tend a ramener I’ion vers 
sa position d’eqiiilibre; le second est la force pro- 
venant du champ magnetique. 

Nous satisfaisons a ees relations en posant: 


a: = a e®* ) 

pourvu que 

rns^x — — k^»-i-eHs0 ) 
ms^^= — 7c®i3 — eHsx ) 


(2) 

(3) 


Les quantites m, k, e, EL sont des donnees. 

Oe qu’il nous importe de connaitre c’est la periode 
T d’lme vibration. Si = 0, (3) donne 


done 



(4) 


*) Get astfirisque, et les suivants, renvoient S, des remarques 
des 4diteiirs de cette r4impression; ces remarques se trouvent 
chaque fois k la fin du m4moire. 

Ces Equations sont semblables a celles du pendule de 
Foucatjlt; elles eonduisent 4videmment §, des r4sultats ana- 
logues. 
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Si R n’est pas nul, (3) cloiine ajjproximativement 


. k /- — eH \ 

et si T' est dans ce eas la duree d’une vibration, 
on a 


r = 


2 «• 


^-'ikV^ 


(5) 


de sorte que le rapport du changement de la periode 
a la pmode initiale est 


eH _e HT 

2kVm m 45r 


( 6 ) 


Supposons que les ions se meuvent en cercles, 
solution particuliore du systeme (1), le mouvement 
en sens positif (c. a. d. dans le sens des aiguilles 
d’une montre pour un gbservateur place du cote des 
3 positifs) a une periode legerement plus petite que 
celui en sens negatif. Dans le premier cas cette 
periode est determinee par le signe inferieur de 
la valeur (4), dans le second cas par le signe 
superieur, 

La solution generale de (1) nous apprend que les 
ions peuvent aussi parcourir des orbites elliptiques, 
dont les axes tournent lentement. 

Dans le cas general ou le mouvement initial de 
rion est quelconque dans I’espace, on trouve facile- 
ment que la projection du mouvement sur le plan 
xy garde 16 meme caractere. La projection du 
mouvement sur I’axe des 3 est une vibration simple 
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(xrdinaire, qui ne depend pas du mouvement dans 
le plan jr // et n’a auemie influence sur elle, de sorte 
qu'elle n’est pas influencee par les forces magne- 
tiques. H va de soi que ces considerations sur le 
mouvement d’un ion ne sont encore qu’une esquisse 
d’une theorie des mouvements lumineux. 

19. Figurons-nous un observateur qui regarde 
une flamme placee dans un champ magnetique, de 
telle maniere que les lignes de force soient dirigees 
vers lui. Si 1 ’observateur pouvait suivre les ions 
(§ 18) dans leur mouvement il verrait oe qui suit. 
II 7 a des ions qui se meuvent en eerele, et emettent 
done de la lumiere polarisee eirculairement ; si le 
mouvement a lieu a droite, la duree de la revolution 
sera plus grande que s’il n’y avait pas de champ 
magnetique, et s’il a lieu k gauche, il sera plus petit. 
I] 7 en a d’autres qui paraissent immobiles, mais 
qui en realite se meuvent parallMement aux lignes 
de force avec une periode qui ne sera pas modifiee. 
H 7 en a enfin qui semblent se mouvoir sur des 
ellipses dont les axes tournent lentement. 

Pour trouver dans quel etat se trouve 1 ’ether par 
suite des mouvements des ions, on pent se servir 
de la regie suivante, deduite par M. Lorentz de 
la th^orie generale. Considerons dans une molecule 
un ion P, dont Po est la position d’equilibre, et 
anime de deux ou plusieurs mouvements simultanes, 
de telle fa§on que le vecteur PqP soit k chaque 
instant la resultante des vecteurs PqP correspon- 
dant aux mouvements simples; I’etat de 1 ’ether, a 
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une distance suffisainment grande par rapport a 
PqP, est alors celui que Ton obtient en superposant 
les etats qui seraient produits par ces monvements 
elementaires. 

On deduit deja de la qu’un mouvement cireulaire 
d’un ion donne, en des point sitnes sur I’axe, de la 
lumiere polarisee circulairement. 

En second lien nous pouvons, an lieu des orbites 
elliptiques, considerees plus baut, ehoisir une 
decomposition plus avantageuse pour arriver au 
but. On pent en effet decomposer le mouvement 
dont I’ion est anime avant 1 ’existence des forces 
magnetiques, en une vibration rectiligne parallMe 
a I’axe des s, et deux vibrations circulaires, dextro- 
gyve et levogyre, dans le plan xy. 

La premiere n’est pas influencee par les forces 
magnetiques; la periods des secondes est modifiee. 

Les vibrations produites par les monvements des 
ions sont triees en tombant sur un reseau d’apres 
la diiree des vibrations; tout le mouvement sera 
ainsi separe en trois groupes, et la raie spectrale 
formera un triplet. Dans tons les cas on pourra 
s’attendre a ce que la raie s’elargisse dans un ebamp 
magnetique et que les bords soient polarises circu- 
lairement i). 

20. Une verification de cette demiere conse- 


J’ai vu dans la suite qiie Stonet, Trans. Dublin, TV, 
essaie d’expliquer d’une maniere analogue, par la rotation 
des orbites elliptiques sous 1 ’action de forces ext6rieures, 
I’existence de raies doubles et triples dans le spectre. 
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quence peut-etre consideree comme ime preuYe de 
I’exactitude de la theorie de M. Loeejttz. Pom* en 
faire I’epreuve je me suis servi de I’eleetro-aimant 
du § 2, mais en prenant cette fois-ci des poles 
perfores; je I’ai place de telle fagon que la ligne des 
poles passat par le milieu du re'seau. J’ai observe 
les raies D a Taide d’une loupe de Fresnel, dans 
laquelle etait tendu un fil vertical. Entre le reseau 
et la loupe j ’avals place le quartz quart d’onde et 
le nicol que j ’avals employes anterieurement dans 
mes rechercbes sur la reflexion polaire normale sur 
un miroir aimante ^). Le quartz et le nicol etaient 
places de telle fagon qu’une polarisation dextrogyre 
etait eteinte. Or nous venons de voir que la ligne 
spectrale elargie presente d’un cote ime polarisa- 
tion dextrogyre, de I’autre une polarisation 
levogyre. 

En faisant tourner I’analyseur de 90°, la lumiere 
qui d’abord etait eteinte reparait, et inversement. 
Ou bien si I’on intervertit le sens du eourant, et si 
le cote droit de la raie etait d’abord visible, c’est 
la partie de gauche qui doit apparaitre. Le fil de 
la loupe fut place au milieu de la raie. En inter- 
vertissant le sens du eourant on voyait la raie se 
deplaeer nettement. Cette experience pouvait etre 
refaite ^ volont6. 

21. Voici mie petite modification de cette exp4- 


Zeeman. Verslagen Akademie, 26 Januari 1895 et „Com- 
munications of the Leyden Laboratory” nL 15. 
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lienee. Sans rien changer a la position du mica, 
on toui-ne ranalysem-. Pour une rotation complete 
la raie s'elargit et s’amincit deux fois. 

22. I/eleetro-aimant fut toume de 90° dans un 
plan horizontal, a paiiir de la position du § 20; 
les lignfts de force etaient maintenant perpendieu- 
laires a la droite qui Joint la fente au reseau. Dans 
ces conditions les bords des lignes spectrales elargies 
etaient polarisees en ligne droite^ dans un plan 
perpendiculaire a cette ligne. II doit en Itee ainsi 
d’apres le § 19; car les eereles decrits par les ions 
autour des lignes de force sont maintenant vus dans 
leur plan. 

23. Les experiences 20 a 22 peuvent etre consi- 
derees comme mie preuve que les vibrations lunh- 
neuses sont produites par le mouvement d’ions ainsi 
que M. Loeentz I’admet dans sa theorie electro- 
magnetique. De I’elargissement mesure (§ 14) on 
pent, au moyen de la relation (6), trouver le rap- 
port On trouve quil est de I’ordre de grandeur 

10’’ imites electromagnetiques par gramme. D va 
de soi que cette consequence de la theorie ne doit 
etre consideree que comme une premi&re approxi- 
mation. 

24. De Texperience du § 20 on pent conclure si 
e’est I’ion positif ou I’ion negatif qui se meut. Dans 
le cas ou les lignes de force se dirigent vers le 
reseau, ce sont les rayons dextrog 3 rres qui ont la 
plus petite duree de ^dbration. On conclut de Ih, 
I 
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d’apres le § 17, que ee sont les ions positifs *) qui se 
meurent ou qui du moins deciivent Torbite la plus 
grande. 

25. Maintenant sui*tout que I’influence de I’ai- 
mantatioii sur les raies spectrales peut etre inter- 
pretce dans la theorie de M. Loreotz, I’etude 
ulteideme de ce phenomene presente beaucoup 
d’attrait. II se presente immediateinent une serie 
d’autres questions. Un ordre de recberches qui 
semble devoir etre fertile en resultats e’est I’etude 
des mouvements d’ions de substances differentes, 
soumises a des temperatures et des pressions diffe- 
rentes et plaeees dans des ebamps magnetiques de 
differentes intensites. 

Des recberches ulterieures devront aussi trancber 
la question de savoir jusqu’a quel point les grandes 
forces magnetiques que Ton admet exister a la 
suz’face du soleil, peuvent modifier les raies de son 
spectre. 

Les presentes recberches ont ete faites au Labora- 
toire de Physique de Puniversite de Leyde. Qu’il 
me soil permis de remercier ici son directeur, M. le 
Prof. OiosTES, pour I’interet qu’il a temoigne a mon 
travail et pour les encouragements que j’ai regus 
de luL 


APPENDICE 

Depuis la publication de ma premiere note dans 
les comptes-rendus de I’Academie d ’Amsterdam, et 
pendant que la note publiee dans le present recueil 
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etait sous presse, j'ai rencontre la relation de deux 
tentatives f aites dans le meme sens que les miennes, 
et qui m'etaient restees ineonnues jusqu’a present. 
J’ai egalement pu lire le eompte-rendu original de 
I’experienee de Faraday mentionnee au § 1. Ce 
compte-rendu se trouve dans la biograpMe de 
Faraday par M. Beistge Jones, vol. II, p. 449 (1870). 
Comme il est extremement digne d'interSt, je me 
permets de le reproduire ici; 

,,1862 was the last year of experimental research. 
STEESTHEn/s apparatus for producing the spectrum 
of different substances gave a new method by which 
the action of magnetic poles upon light could be 
tried. In January he made himself familiar with 
the apparatus, and then he tried the action of the 
great magnet on the spectrum of chloride of sodium, 
chloride of barium, chloride of strontium, and 
chloride of lithium’'. 

Le 12 mars il ecrit: „Apparatus as on last day 
(January 28), but only ten pairs of voltaic battery 
for the electromagnet.” 

„The colourless gas-flame ascended between the 
poles of the magnet, and the salts of sodiiun, 
lithium, &e. were used to give colour. A Nicol’s 
polarizer was placed just before the intense magne- 
tic field, and an analyser at the other extreme of 
the apparatus. Then the electromagnet was made, 
and unmade, but not the shghtest trace of effect 
on or change in the lines in the spectrum was obser- 
ved in any position of polarizer or analyser.” 
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„Two other pierced poles were adjusted at the 
magnet, the coloured flame established between 
them, and only that ray taken up by the oi>tic ap- 
paratus which came to it along the axis of the poles, 
i. e. in the magnetic axis, or line of magnetic force. 
Then the electromagnet was excited and rendered 
neutral, but not the slightest effect on the polarized 
or unpolarized ray was obserred”. 

„This was the last experimental research that 
Faraday made’’. 

En 1875, M. le professeur Tait a public une 
notice, dont il a eu I’obligeance de m’envoyer un 
exemplatre : „On a Possible Influence of Magnetism 
on the Absorption of Light, and some correlated 
subjects” ^). M. Tait rapporte qu’ime notice de 
M. le professeur Forbes, lue aux membres de la 
Societe royale d’Edimbourg, ainsi que quelques 
observations presentees a ce propos par Maxwell, 
lui ont rappele une experience, qu’il a repetee 
maintes fois sans sucees jusqu’en ce moment. La 
note dit plus loin ce qui suit: 

„The idea is briefly this. — The explanation of 
Faraday’s rotation of the plane of polarization of 
light by a transparent diamagnetic requires, as 
shown by Thomson, molecular rotation of the lumi- 
niferous medium- The plane-polarized ray is broken 
up, while in the medium, into its circularly-polari- 
zed components, one of which rotates with the 


Proc. Roy. Soc. of Edinbiirgh, Session 1875 — ^76, p. 118. 
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aether so as to have its period accelerated, the other 
against it in a retarded period. Now, suppose the 
medium to absorb one definite wave-length only, 
then — if the absoi-ption is not interfered with by 
the magnetic action — the poidion absorbed in one 
ray will be of a shoi-ter, in the other of a longer, 
period than if there had been no magnetic force; 
and thus, what was originally a single dark ab- 
sorption line noight become a double line, the com- 
ponents being less dark than the single one.” 

On voit done que I’idee directrice de Texperience 
essayee en vain se trouve iei ciairement exprimee. 
C’est une idee qui se relie tres etroitement a celle 
que I’on trouve exprimee au § 15 de ma note. 
L’une et Tautre sont en somme inspirees par la 
theorie de Lord Kel\tqt sur la rotation moleculaire 
du milieu propagateur de la lumiere; et ceei en 
depit de ce que cette theorie n’est pas directement 
applicable a Texperience du § 9. En effet, dans ce 
dernier cas, les lignes de force magnetique sont 
perpendiculaires a I’axe du tube. 

Je dois mentionner en second lieu deux notes, 
publiees par feu M. Fievez, et sur lesquelles mon 
attention a ete attir^ par M. van Atjbel, dans une 
lettre a M. le professeur Onnes, qu’il desirait voir 
eommuniquer a I’academie des sciences d ’Amster- 
dam. M. Onnes domia lecture de la lettre dans la 
seance de Janvier, et donna a ce propos certains 
eclaircissements dont je fais dans les lignes suivantes 
un libre et ample usage. Les notices dont il s’agit 
1 
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sfnit iiititiilees : ]M. Fiexez, „T)e rinfliience du 
magnetisme sui* les caraeteres des raies spectrales" 
(Bulletin tie VAcad. des Sciences de Belgique, 
3*^ seiie, tome IX, p. 381, 1885) ; et Fietez ; „Essai 
sui‘ Torigme des raies de FKAr:siroFEE, en rapport 
avee la constitution du soleil” (Z. c. 3® serie, tome 
XII. j), 30, 1886). On trouve ici la description 
d'exjjerienees semblables a celles des § § 4 et 13 
de ma note ci-dessus. Mais Tauteur ne fait 
pas d 'observations relatives a I'elargissement des 
bandes d 'absorption, ni a la polarisation de la 
lumiere emise. Les resultats obtemis par M. Fievez 
meritent d'etre tres attentivement consideres. II fit 
ses observations sur une flamme, placee dans un 
champ magnetique qui non seulement elargissait 
les raies du spectre, mais j provoquait un renverse- 
ment et mi double renversement, en meme 
temps que les raies devenaient plus brillantes. 
Malheui’eusement I’auteur a neglige les donnees 
quantitatives. Dans certains cas, les faits observes 
par Fievez, ne sont pas d ’accord, qualitativement 
parlant, avec mes observations ou avec ce que I’on 
peut en deduire. De telle sorte que meme dans les 
cas oil nos resultats qualitatifs concordent, on devra 
se demander si Fievez et moi nous avons eu sous 
les yeux les mimes phenomenes. Le champ dont 
s’est seivi Fievez semble avoir ete plus intense que 
eelui dont je disposais. Ceci permettrait-il peut 
etre d’expliquer le „double renversement (c’est a 
dire I’apparition d’une raie brillante au milieu de 
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la raie noire elargie) ” ? La reponse a cette question 
me semble devoir etre negative. En effet, partant 
de notre § 19, une raie queleonqiie doit s’elargir; 
sinon le champ magnetique aequerant mie grande 
intensite, elle doit devenir un triplet. Telle que nous 
comprenons la description que donne Eievez de 
son experience, la lumiere etait emise perpendicu- 
lairement aux lignes de forces. Or, la raie double- 
ment renversee de I’auteur n’est pas le triplet que 
fait prevoii* la theorie, ear Fievez dit expressement 
que la raie sui* laquelle il experimente n'est pas la 
raie simple du spectre, mais une raie prealablement 
elargie et renversee (par une action queleonque 
independante du magnetisme). L’aimantation fait 
appainitre une raie brillante au milieu de la raie 
noire. On pourrait done etre tente d ’interpreter le 
cas du double renversement comme une action 
directe du magnetisme, mais alors comme un de- 
doublement de la ligne d ’absorption, et non co mm e 
une division de la ligne primitive en trois parties. 
L ’application faite au § 18 de la theorie de 
M. Loeeisttz n’est, j’en conviens, qu’une premiere 
esquisse. II faudra done de plus amples donnees, 
tant theoriques qu’experimentales, avant de pou- 
voir decider ce qui dans I’experience de Fievez a 
prevalu, de Faction specif ique du magnetisme sur 
la lumiere, ou des influences perturbatrices. On 
pourrait en effet objeeter a Fievez ce que j’ai 
moi-meme reproche a mon experience analogue 
du § 6. 
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L 'ensemble des phenomenes observes par Fietez 
pent parfaitement etre attribue h. im cbangement 
de la temperature, oecasiomie par les effets bien 
eonnus du champ magnetique sur la flamme (chan- 
gement de direction ou de contour, convection 
magnetique, etc.). Dans la derniere phrase de son 
travail I'auteur constate que „les phenomenes qui 
se manifest ent sous Faction du magnetisme sont 
identiquement les memes que ceux produits par une 
elevation de temperature”. Le resultat negatif 
auquel est aiTive Fifa’ez quand il s’est servi de 
spectres d 'absorption semblerait, sauf plus ample 
examen (de meme qu’au § 12), tendre a la meme 
conclusion. Ce que Ton pourrait, a mon avis, deduire 
des experiences de Fievez, considerees isolement, 
ee serait plutbt qu’il 7 a eu cbangement de la tem- 
perature de la flamme, et non action specifique 
du magnetisme sur remission et 1 ’absorption de 
lumiere. Des experiences deja en train me permet- 
tront, j’espere, d’elucider ces points obscurs. 

En resume, nous pourrons dire ce qui suit: Si 
les experiences de Fievez m’avaient ete connues, 
eUes m’auraient pousse a faire de plus amples 
recherches, I’auteur lui-meme ne les ayant pas 
poursuivies de maniere a obtenir un resultat decisif. 
H reste tout au moins douteux jusqu’l, present si 
le phenomene observe par Fievez sur une flamme 
aimantee doit bien reellement §tre attribue a 
Vaction specifique du champ magnetique sur la 
pSriode des vibrations lumineuses. Cette action, je 
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Fai decouveiie et indubitablement etablie, grace a 
la confirmation experimentale des predictions de 
Lorentz. 


Ce memoire (sans appendice) a ete d'abord pnblie dans: 
Zittings\’'erslagen der Kon. Akademie van Wetensehappen te 
Amsterdam, 31 oetobre et 28 novembre 1896. Dans: Archives 
Xeerlandaises des Sciences exactes et natnrelles (2) 1 (1898) 
pp. 44 — 54 et 217 — 220 a paru une traduction avec appendice, 
que nous avons r^imprime ici. 

*) p. 57. Le texte de eette note est conforme k la redaction 
faite par le prof, Zeemax pour le PML Mag. 

*) p. 63. Ici s ’applique la note de M. Zeeman dans le 
m4moire II de ce reeueil, p. 97. 
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I UBER DEN EINPLUSS EINER MAG- 
NETISIERUNG AUP DIE NATUR DES 
DURCH ELNEN STOFP AUSGBSENDE- 
TEN LIOHTES 

V OR j^IEHREREN JAHREN, GELEGENT- 
lich meiner Messiingen iiber den KEER-effect 
drangte sieh mir clei* Gedanke anf, ob nieht auch 
das diirch eine Flamme ausgesendete Licht ver- 
andem komite; wenn diese einer magnetiscben 
Einwirkimg unterworfen wird. Es kommt im 
Augenbliek nieht so sehr aiif den Gedankengang 
an, diirch den ich niir die Mogliehkeit hiervon 
deutlich zu inachen trachtete; jedenfalls gab er 
mil* den Anlass, den Yersuch anzustellen. Mit einer 
improvisierten Einriehtimg wurde das Spektmm 
einer Natrimnflamme betrachtet, die zwischen die 
Pole eines Elektromagneten von Rtiemkorit ge- 
bracht war. Das Resultat war negativ. Wahr- 
scheinlich ware ich nieht bald aiif diesen Yersuch 
zurttekgekonunen, wenn nieht vor ein paar Jahren 
meine Aufmerksamkeit auf folgende Passage in 
einer Skizze MixvTEiiL’s iiber Par ad at gef alien 
ware. Hier (Maxwell, Collected Works II p. 790) 
lesen wir: „Before we describe this result we may 
mention that in 1862 he made the relation between 
magnetism and light the subject of his very last 
experimental work. He endeavoured, but in vain, 
to detect any change in the lines of the spectrum 
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of a flame when the flame was acted on by a power- 
ful magnet”. Wenn ein Faraday an die Mbglich- 
keit der genamiten Beziehung dachte, komite es 
noch wohl die Miihe lohnen mit den gegenwartigen 
vorzaigliohen Hiilfsmittehi auf spektral-analyti- 
schem Gebiet den Tersuch zu wiederholen, da mir 
nieht bekannt ist. dass dieses durch andere getan 
wurde. Die Ergebnisse zu denen ich bis jetzt kam, 
will ich mir erlauben kurz mitzuteilen. 

2. Der Elektromagnet von dem im Folgenden 
die Rede sein soli war ein Ruhmkoefp, Mittelsorte. 
Der Strom, der fiir die Magnetisiermig gebraucht 
wurde, stammte aus einer Aklaunulatoren-Batterie 
raid betrug meistens 27 Ampere xmd konnte bis zu 
35 Amperen gesteigert werden. Das Lieht der 
benutzten Lichtquelle nrarde zerlegt durch ein 
Gitter von Rowlaot), mit einem Ehnimmungsradius 
von 10 Englischen Fiiszen imd mit 14438 Linien per 
inch. Es wurde das erste Spektrran betrachtet und 
zwar mit einer Lupe von Fresnel. Ein fein ver- 
stellbarer Spalt war dicht bei der Lichtquelle an- 
gebracht, die der Magnetisierung unterworfen 
wurde. 

3. Zwischen die parabolischen Pole des Elektro- 
magneten wurde der mittlere Teil einer Btustsen- 
flamme gebracht. Ein Stuck mit Kiiehensalz ge- 
trankten Asbests wurde in die Flarame ^ingefuhrt, 
so dass die 2 D-Linien, in der Lupe gesehen, sich 
scharf und fein gegen den dunkeln' Hintergrund 
abzeichneten. Der Abstand der Pole betrug un- 
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gefahr TVurde nun cler Strom eingesclialtet, 

so wurden die beiden 2>-Linien deutlicb rerbreitert. 
Beini Unterbreehen des Stroms kebrten sie in den 
Begiunzustand zuriick. Das Einsetzen und Ver- 
sehwinden der Terbreiterang zeigte sieh unmittel- 
bar naeh Sehliessung resp. Unterbrechung des 
Stromes. Der Yersueh koimte beliebig oft vrieder- 
holt werden. 

4. Die BrxsEisr-Flamnie wurde dureb eine Gas- 
Sauerstoff-Flamme ersetzt. Ebenso wie in 3 wurde 
das Asbest mit Kiichensalz getrankt in die Flamme 
gebraeht. Diese stieg vertikal zwiscben den Polen 
nacb oben. Wurde nun der Strom wieder gesehlos- 
sen, dami wurden die D-Linien wieder verbreitert, 
so dass sie wohl die 3- bis 4-faebe ihrer urspriing- 
lieben Breite bekamen. 

5. Bei der roten Linie von Lithium, das in der 
Form des Karbonats gebraucht wurde, wurden 
voUig analoge Erscheimmgen wahrgenommen. 

6. Man wird mbglicherweise in der gefundenen 
Erscheinung (3, 4, 5) nichts Besonderes erblicken. 
Man kann ja folgendermassen argumentieren: 
Yerbreitenmg der Spektrallinien eines gluhenden 
Gases wird durch Yergrosserung der Dichte des 
strahlenden Kbrpers und durch Temperaturer- 
hbhung 1) zustande gebraeht. Nun wird unzweif el- 
haft unter dem Einfluss des Magnets die Form der 
Flamme anders (was bequem zu sehen ist) und 


Siehe aber auch PBiNGSHEiMCWied. Aim. 45 ; p. 457, 1892) . 
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dainit also aucli die Temperatur. Man wiirde so 
geneigt sein allein dadurch. die Erscheinimg zu 
erklaren. 

7. Nicht so bequem seheint es einen anderen 
Yersuch zii erklaren. Eine Porzellan-Rohre, innen 
und anssen glasiert, wurde zwisehen die Pole 
horizontal aufgestellt mit ihrer Achse normal anf 
die Yerbindungsliiiie der Pole. Der innere Durch- 
messer der Rohre betragt 18 miVI., die Wanddicke 
2 niM., die Lange der Rohre 15 eM. tJber die 
Enden der Rohre sind engansehliessende Stiicke 
gesehoben, auf die Deckel versehen mit parallelen 
Glasplatten gesehraubt werden komien. Mit Htilfe 
yon stromendem Wasser koimen so die kupfemen 
Stiicke tmd damit dit GHasplatten geniigend kiihl 
gehalten werden, wemi die Porzellan-Rbhre gliihend 
gemacht wird. 

Pemer sind dicht bei den Glasplatten an den 
kupfemen Stiicken seitliche Rdhrchen angebracht, 
die durch Hahne abgeschlossen werden konnen. 

Eine grosse BruirsEN-Elamme kormte die Rohre 
ungefahr iiber einen Abstand von 8 cM. gliihend 
machen. Das Licht einer elektrischen Lampe, die 
seitwarts ein paar Meter von dem Elektromagneten 
entfemt stand um eine Einwirkimg davon auf, den 
Liehtbogen zu vermeiden, wurde durch einen Metall- 
spiegel durch die Rohre geworfen. Mit dem Gitter 


PiHKGSHEiM gebraueht bei seiner UntersiTchnng uber die 
Strahlimg von Gasen eine dergleiche Rohre, 1, c. p. 430. 
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wurde nun das Spektrum des Bogenlichtes ent- 
worfen. ilit der Lupe wurde auf die B-Linien 
eingestellt. Bas kann sehr genau gesekehen, da in 
der Mitte der leuehtenden B-Linien dureh Selbst- 
unakehrung sekr feine Absorptionslinien auftreten. 
In die Porzellan-Rohre wurde nun ein Stiickcben 
metallisches Xatrium gebracbt. Die BuiirsEsr- 
Plamme wil’d angezundet und die Erhitzung be- 
ginnt. Ein gefarbter Danipf beginnt alsbald die 
Rohre zu fiillen, der erst violett, dann blau und 
griin wird und endlieb fiir das blosse Auge unsicht- 
bar ist. Im Spektrum nimmt beim Steigen der 
Temperatur das Absorptionsgebiet raseb ab. AHein 
in der Nabe der B-Linien berrsebt eine starke 
Absorption. Endlieb werden die 2 Absorptions- 
B-Linien siebtbar. In diesem Augenblick werden 
die Pole des Elektromagneten bis diebt bei der 
Robre geseboben, so dass ibr Abstand ungef^r 
24 niM. betragt. Die Absorptions-Linien sind nun 
iiber den grossten Teil ibrer Lange reebt sebarf 
geworden. Am unteren Ende laufen sie aber breit 
aus; eine Polge der grosseren Dicbte des Na- 
Dampfes im untersten Tbeil der Robre. Wird nun 
der Strom gescblossen, so siebt man unmittelbar die 
Linien Ireiter und scliwdrzer werden und beim 
TJnterbreeben des Stromes unmittelbar wieder in 
ihre alte Eorm zuriickkebren. Der Versucb kann 
beliebig wiederbolt werden bis zu dem Augenbliek 
wo alles Natrium verscbwunden ist. 

Dieses Versebwinden des Natriums muss baupt- 
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saclilieh seiner Ein^virkmig auf die Glasur der 
Rolire zugesehrieben werden. Bei weiteren Ver- 
suchen wnrde danttn eine iiicht glasierte Rolire 
genommen. 

8. Fiir den letzten Versuch (7) wird man 
mdglicherweise nocb eine Brklarung in folgender 
Ricbtimg suchen "wollen. Die benutzte Rolire ist 
sicher oben und unten nicbt gleich warm gewesen ; 
femer war die Diehte des ITa-Dampfes, wie aus der 
Form der D-Linien zu erseben ist (7) auf ver- 
scMedenen Hohen merkbar verschieden. Konvek- 
tionsstromungen in Folge der Temperaturdifferenz 
zwisehen oben und unten waren also sicher an- 
wesend. IJnter bestimmten, Tor der Hand liegen- 
den Annahmen kann man berechnen, dass infolge 
des Ansetzens des Elektromagneten Druekunter- 
sehiede in der Rohre entstehen von derselben 
Hrossenordnung als diejenigen, die von der Tempe- 
raturdifferenz herriihren. 

Bei der Magnetisierung wird also infolgedessen 
z. B. die unterste dichtere Lage mehr naeh der 
Mitte der Rohre gebracht werden. Die Linien 
werden verbreitert werden. Thre Breite in einer 
bestimmten Hohe wird ja hauptsachlich bestimmt 
durch die Anzahl der gliihenden Teilchen in dieser 
Hohe in der Richtung der Rbhren-Achse. Obwohl 
diese Erklarung noch einige Schwierigkeiten liefert, 
lasst sie sich sicher eirdgerraassen verteidigen. 

9. Die in (8) angedeutete Erklarung der Linien- 
Verbreiterung ist aber nicht mehr auf folgende 
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Yariante des Yersueiies anwendbar, bei der eine 
nicbt-glasierte Rdbre beuutzt \mrde. Die Rbhre 
batte eine lichte Y'eite von 10 niAL, die "Wanddieke 
war reicblieh 1 nQI. Die Pole des Magneton 
konnten auf einen Abstand Ton 14 mM. gebracht 
werden. Die Rbhre wurde start mit einer BnxsEis- 
Flamnie niit einer Geblase-Flanune in der Mirte hell 
rotgliihend gehalten. Die Geblase-Flannne und der 
kleinere Durchmesser der Rbhre machen es leichter 
diese oben und unten auf dieselbe Temperatui’ zu 
bringen. Diese war nun hbher als friiher (7) und 
die Na-Linien bleiben fortwahi-end siehtbar i). Man 
kann nun abwarten bis in verschiedenen Hbhen der 
ITa-Dampf gleiche Diehte besitzt. Durch fort- 
wahrende Drehung der Rbhre um ihre Achse habe 
ich das noeh befbrdert. Die Absorptionslinien 
sind nun von oben bis Tinten gleich breit. Beim 
Ansetzen des Elektromagneten verbreitem sich nun 
plbtzlich die Absorptionslinien iiber ihre gesanunte 
Lange. Die Erklarung gemass (8) versagt nun. 

10. Geme hatte ieh die Wirkung der Magne- 
tisierung auf das Spektrum eines festen Stoffes 
untersucht. Erbiunaoxyd hat, wie Bunsen und 
Baer gefunden haben, die merkwiirdige Eigenschaft 
beim Gliihen ein Spektrum mit hellen Linien zu 
geben. Bei der von mir benutzten Dispersion er- 
gaben sich aber die Linien fiir meinen Zweck als 
nicht scharf genug. 


Pringsheim 1. c. p. 456. 
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11. Die rerscMedenen Versuche, von 3 bis 9, 
haben stets wahrsehemlieher gemaebt, dass die 
Absorptions- nnd also auch die Emissionslinien 
eines gasformigen Stoffes dureh magnetische 
Elrafte verbreitert werden. 1st dieses der Fall, 
dann wiirden also unter dem Binflnss eines Magnet- 
Feldes neben den eigenen Sch-wingungen der 
Atome, die das gewbhnliche Linien-spektrum er-, 
zeugen, Schwingungen anderer Periode auftreten. 

Dass es in der Tat nnvermeidlieb ist diese 
spezifisehe Wirkung der Magnetisierung an zu 
nebmen, wird, denke ieb, in der Fortsetzimg dieser 
Abbandlung festgesteUt. 

12. Aus der Vorstellung, die ieb mir scMiesslieb 
von der Natur der Krafte gebildet batte, die im 
Magnetfeld anf die Atome wirken, scbien mir zu 
folgen, dass bei einem Bandenspektrum und 
ausseren magnetiseben Kjaften die von mir bei 
einem Linienspektrum gefundene Ersebeinung aus- 
bleiben soUte. 

Es ist ja sebr wabrsebeinlicb, dass der Unter- 
scbied zwiseben einem Banden- und einem Linien- 
spektrum nicbt auf einer quantitativen sondem 
einer qualitativen Differenz berubt i). Bei einem 
Bandenspektrum bat man mit zusammengesetzten 
Molekiilen zu tun, bei einem Linienspektrum mit 
stark dissociierten Molekiilen von wenigen Atomen. 
Die weitere TJntersuebung bat gezeigt, dass die 


*) KiYSER in WiNKELiiAKN’s Handbiich d. Physik II, 1, p.421. 
I 
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YorsteUiing, die ieli mir iiber die Ursache der 
Yerbreitemng bei eineni Linienspektiiim fornite, iii 
der Tat in der Hauptsaclie richtig war. 

13. Eine Glasrohre an den Enden init planpar- 
alielen Glasplatten geseMossen, ^vurde zwisehen die 
Pole des RrmncoRFF gestellt, auf dieselbe Weise 
■wie die Porzellanrobre ron § 7. Durcb ein unter 
die Rbhre gestelltes Gasflammchen wurde das Jod 
verdamiDft, so dass der violette Dampf die Rohre 
fiillte. 

Mit Hiilfe Ton elektriscbem Liebt wurde das 
Absorptionsspektrum betrachtet. Wegen der 
niedrigen Temperatur ist dies das Banden- 
spektrmn. Bei der grossen benutzten Dispersion 
siebt man in den Banden eine sebi’ grosse Anzabl 
feiner dunkler Linien. Wird der Strom um den 
Magnet gescblossen, dann siebt man im Gegensatz 
mit dem, was die Yersuebe an Na-Dampf lebren, 
keine Veranderang in den dunklen Linien. 

Das Ausbleiben der Ersebeinung-in diesem Fall 
stiitzt die Auffassung, das aucb selbst im ersten 
Yersucb mit Na-Dampf (§7) die Konvektions- 
stromungen obne Einfluss waren. Denn jetzt sind 
die Konvektionsstrbmimgen infolge der Magneti- 
sierung, die icb in diesem FaU. noeb fiir mbgbcb 
bielt, ersicbtbcb unzureicbend um eine Yerande- 
rung des Spektrums zustande zu bringen und 
obgleicb icb das nicbt an der Form der Absorptions- 
linien seben konnte (vergl. § 7) ist aucb das Banden- 
spektrum von Jod eben wie das Linienspektrum 
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sehr empfindlieh fiir Dichte- und Temperatur- 
veranderimgen. 

14. Obwohl mir meine Hiilfsmittel nui* eine 
vorlaufige rohe Messung zu verrichten eiiaubten, 
so glaubte ich docb, dass es iiiteressant ware den 
Betrag der magnetisehen Anderung der Scliwin- 
gimgszeit augenahei't festzustellen. Die Yerbrei- 
terung der D-Linien naeh beiden Seiten betrug 
etwa ^/ 4 o des Abstands dieser Linien, ^vakrend die 
Starke des Magnetfeldes tmgefahr 10^ betrug. 
Daraus folgt also eiue positive und negative 
magnetisehe Yerandeioing von ^/ 4 oooo der Sebwin- 
gungszeit. 

15. Der Gedankengang, den ieh in (1) naiuite 
und durck den ick dazu kam nack einem Einfluss 
der Magnetisierung zu sucken war urspriingliek 
dieser. 1st die Auffassung ricktig, dass in einem 
Magnetfeld eine Rotationsbewegung des Atkers 
um die Kraft! i ni en bestekt (Kelvin und Maxwell) 
und darf man siek die Licktstrahlung als verursackt 
denken durck die Bewegungen von Atomen 
relativ zum Sckwerpunkt des Molekiils in allerlei 
Baknen, nimm zur Einfackkeit an in Kreisen rund- 
fliegend, dann wird die Sckwingimgszeit oder was 
dasselbe ist, die TJmlaufszeit in den Kreisen, durck 
zwiscken den Atomen wirkende Krafte bestimmt 
werden und werden unter dem Einfluss der von 
der Magnetisierung kerriikrenden storenden Krafte 
zvdscken Atker und Atomen, nack beiden Rick- 
tungen Abweickungen in der Sckwingungszeit vor- 
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kommen konnen. Das Torzeicken der Abweichmig 
\vird natiirlieli bestirmnt werden dureb den Sinn 
del* Bewegnng von den Kraftlinien aus gesehen. Die 
Abweiebnng ivird desto grosser sein je mehr die 
Ebene eines Kreises sich einem Stand normal zu 
den Kraftlinien na]iei*t. 

16. Etwas spater macbte ich mir die Saehe 
deutlicb, indem ich. an den Einfluss daehte, der auf 
die Periode eines sch\vingenden Systems ausgeiibt 
wird, wenn es mit einem anderen gekoppelt wind, 
das sich in raseher Potation befindet. Lord KELTiiir 
hat, jetzt vor 40 Jahren, das folgende mechanisehe 
Problem gelost i) : die Enden einer diinnen Schnm’ 
sind befestigt an den 2 Enden eines horizontalen 
Stakes, der mit konstanter Winkelgeschwindigkeit 
um eine vertikale Achse durch seine Mitte rundge- 
dreht wird; ein zweiter Eaden, mit einem materiel- 
len Punkt belastet, ist mitten an dem ersten fiidert. 
Es wird nun die Beweg nng fiir eine kleine Storung 
des Punktes untersucht. Bei grosser Winkelge- 
schwindigkeit wird die Losung recht einfach. Kreis- 
formige Bewegungen des Punktes in versehiedenem 
Sinn durchlaufen, haben etwas versehiedene Perio- 
den. Vergleieht man das Doppelpendel mit einem 
leuchtenden Atom und die Bewegung des drehenden 
Stakes mit der Rotationsbewegung um die magneti- 
sehen Kraftlinien, dann ist die Anwendung auf 
unseren Pall deutlich. 


1) Proe. B. S. 1856. 
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Es bedarf wohl kemer Y ersiebemng, dass obigen 
Betraehtungen bochstens nur als Hiaweis auf mebr 
Oder weniger aiialoge Falle eirdger Wert zukommt. 
Ich teile sie aber mit, weil sie der erste Anlass 
zu nieinen Versuchen waren. 

17. Zn einer wirklichen Erklanmg der magneti- 
sehen Yeranderung der Scbwingungszeit schien 
rniT die Tbeorie van Prof. Lorentz den Weg zu 
weisen. 

In dieser Tbeorie vird angenommen, dass sicb in 
alien Korpei’n kleine, elektriscb geladene Massen- 
teilcben befinden, dass alle elektriscben Ersebei- 
nungen auf der Lage und Bewegung dieser „Ionen” 
beruben und dass die Licbtscb'wdngungen Yibra- 
tionen dieser Teilcben sind. Durcb die Ladung, 
Lage und Bewegung der lonen ist dann der 
Zustand im Atber ganz bestinnnt. Auf solcb ein 
Ion wirken, wenn es sieb durcb ein magnetiscbes 
Feld bewegt, mecbaniscbe Ki’afte wie die, wovon 
oben die Rede war und die daim aueb die 
Andei*ung der Schwingungszeit erklaren rniissen. 
Prof. Loeeotz, dem ich diese Betraehtungen mit- 
teilte, bat sofort die Freundbebkeit gebabt mir 
anzugeben auf welcbe Weise die Bewegung eines 
Ions in einem magnetiseben Feld gemass seiner 
Tbeorie bestinnnt wird und bat micb darauf auf- 
merksam gemaebt, dass falls die aus seiner Tbeorie 
folgende Erklarung riebtig sein soUte, der Spektral- 
streifen an den Randem cirkular polarisiert sein 
muss. Ber Betrag der Verbreiterung des Spektral- 
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streifens vnirde dann benutzt werden komien, um 
zu sehen, welches YeiMltnis zwisehen Ladung und 
Masse man in diesei* Theorie dem Teilchen zu- 
sehreibeu muss, das die betrachteteu Lichtschwin- 
gungen ausfuhrt. 

Die ebengenaimte hbehst interessante Folgerung 
Ton Prof. Lobentz betreffs des Polarisationszur 
standes in der magnetisch verbreiterten Spektral- 
linie babe ich im Yersueh voUig bestatigt gefun- 
den (§ 20). 

18. Wir werden nun die Bewegungsgleiehungen 
aufstellen fiir ein sehwingendes Ion, das sieh in der 
X F-Ebene in einem homogenen Magnetfeld be- 
wegt, in dem die magnetisehe Kraft in der Riehtung 
der positiven Z-Axe lauft und den "Werth H besitzt. 
Wii‘ denken uns dabei das Koordinatensy-stem so 
gewahlt, dass von der positiven Z-Axe aus gesehen, 
die -f- Y-Axe mit der + F-Axe durch eine Drehung 
um 90° in einer Riehtung entgegen der des Uhr- 
zeigers zum Zusammenf alien gebracht wird. Sei e 
die Ladung (in elektromagnetischem Masz) des 
positiv geladenen Ions und m seine Masse. Die 
Bewegmigsgleichungen sind dann: 




{ 1)0 


Diese Gleichimgen haben dieselbe Form wie die des 
Foucault ^schen Pendels und fiihren naturlich za ahnlichen 
Resultaten. 
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Das erste Glied der reehten Seite driickt die 
iibliclie elastische Kraft aiis, die das Ion naeh 
seiner Gleiehgewiehtslage zuriick treibt, das zweite 
die mechanische Kraft, die vom Magnetfeld 
herruhrt. 

Die Gleichungen werden befriedigt durcb: 


falls: 


X — a. ) 

(2) 

y IB ) 

ms^x^ — ) 

m$^0— — k^(3 — effsx ) 

(3) 


Hierin sind nun m, k, e, H als gegeben anzuseben. 
Besonders interessiert uns die Sebwingungs- 
zeit T. 

1st H = 0, so folgt aus (3) 

. h . 2 T 


Oder: 


T 


k 


(4) 


1st H nicht 0, dann findet man aus (3) an- 
genabert 


k eH \ 

V '^2rpwj 




Nennt man T die Scbwingungszeit in diesem Kail 
so ist: 


yr/ _ 2 «■ 

k 



eH \ 
^k\'mi 


(5) 


I 



85 


Das Yerhaltnis der Veranderuiig der Sch-win- 
gungszeit zur m’spriingliehen Sehvdiigmigszeit wird 

e H e H T 

— _ . tL± (Q) 

2k\^m m 

Eine spezieEe Losung von (1) ist diejenige, bei 
der die lonen sicb in Kreisen bewegen. Bewegen 
sie sicb in positive!’ Richtmig (d. h. m der Riebtung 
der Ubrzeiger fiir euieii Beobacbter der auf der 
Seite stebt, wobin die Knaftlinien lanfen) dann ist 
die Periode etwas kleiner als wenn sie sicb in die 
negative Riebtung bewegen. Die Periode wird im 
ersten Fall bestinunt dureb den Wert von (5) mit 
dem unteren Zeicben, im zweiten Pall mit dem 
oberen. 

Die allgemeine Losung von (1) lebrt, dass ausser 
Kreisen dureb die lonen aucb elliptisebe Babnen 
besebrieben werden, die langsam dreben. 

Im aUgemeiuen Fall, dass die urspriingbebe 
Bewegung des Ions eine willkiirlicbe Lage im Raum 
bat, zeigt es sicb leiebt, dass die Projektion der 
Bewegung auf die X F-Ebene denselben Cbarakter 
bebalt. Die Projektion der Bewegung auf die 
F-Axe ist eine gewobnlicbe einfacbe Sebwingung; 
sie ist unabbangig von der in der X F-Ebene und 
bat aucb keinen Einfluss auf sie und erfabrt also 
keine Wirkung dureb die magnetiseben Krafte. 
Katurlieb ist die bier gegebene Betraebtung iiber 
die Bewegung eines Ions allein als aUererste Skizze 
einer Tbeorie der Liebtbewegungen gemeint. 
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19. Stellen wir ims einen Beobacliter vor, der 
eine -Flamme, aufgestellt in einem Magnetfeld, in 
soldier Richtmig betrachtet, dass die Kraft! inien 
Yon Oim weg oder auf ihn zii laiifen. Denken "wir 
Tins, dass dieser Beobacbter die lonen you § 18 
selbst in ibrer Bewegung Yerfolgen kann, dann 
wird das Polgende beobacbtet -werden. Bs Tvird 
lonen geben, die sieh in Kreisen bewegen und die 
also eirkular-polarisiertes Licbt aussenden; durcb- 
laufen sie die Kreise recbtsum, dann wird die 
ScbYnngungszeit z. B. grosser seiii als solange kein 
Magnetfeld da war, linksum dann wird diese Meiner 
sein. Bs wird aucb lonen geben, die still zu steben 
sebeinen und die sieb in Wirkbcbkeit mit unver- 
anderter Sebwingungszeit parallel den Kraftlinien 
bewegen. Brittens Tvird es aucb lonen geben, die 
sieb in drebenden elliptiscben Babnen zu bewegen 
sebeinen. 

Will man iiberlegen, welcber Zustand im Atber 
durcb die sieb bewegenden lonen erregt wird, so 
kann man von der folgenden Regel Gebraucb 
macben, die durcb Prof. Lorentz aus der allge- 
meinen Tbeorie abgeleitet worden ist. Hat in 
einem Molekiil ein Ion P — wovon die Gleieb- 
gewicbtslage Pq beissen mag — zwei oder mebrere 
Bewegungen sugleich, in. dem Sinne, dass der Vektor 
PqP in jedem Augenbbek erbalten wird durcb 
Zusammensetzung der Vektoren PqP, die im selben 
Augenbliek bei den einzelnen Bewegungen vorkom- 
men wiirden, so wird im Atber in einem Abstand, 

I 



87 


der sehr gross verglichen niit PqP ist, der Zustand 
erhalten, indem mau diejenigen Zustande, welche 
in den ervrahnten einzebien Fallen bestehen wiirden, 
auf einander superponiei't. 

Hieraiis kann mau vor allem ableiten dass eine 
Elreisbewegung eines Ions in Punkten, die auf der 
Axe liegen, cirkular-polarisiertes Licht geben. 

Femer kami man an Stelle der oben betraehteten 
elliptisehen Babnen erne fiir unseren Zweck mehr 
geeignete Zerlegung 'vrableii. Man kann namlicb 
die Bewegung, die das Ion ausfiihrt bevor die 
magnetische Kraft \virkt, zerlegen in eine gerad- 
Imige Scbmngung parallel der Z-Axe und zwei 
kreisformige (recbts- und links-laufende) in der 
X F-Ebene. 

Die erste bleibt nnter dem Einfluss der magneti- 
schen Kraft unrerandert, von den letzteren werden 
die Schwingungszeiten verandert. 

Durcb ein Gitter werden die von den lonenbe- 
wegungen berrubrenden Scbwmgungen nacb der 
Scbwingungszeit sortiert, also die gauze Bewegung 
in drei Gruppen gespalten. Der Streifen wird ein 
Triplet bilden. Jedenfalls lasst sich wobl erwarten, 
dass die Spektrallinie breiter sein wird als obne 
Magnetfeld und die Rander cirkular-polarisiertes 
Liebt aussenden werden^). 

*) Spater 'bemerkte icb, dass Stonex, Trans. Dublin IV, das 
Auftreten von doppelten und dreifachen Linien im Spektrum 
auf ebensolche Weise durch die Drehung von elliptisehen 
Bahnen der ..electrons” unter dem Einfluss storender Krafte 
erklaren Tvill. 
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20. Eine Bestatigiing der letzten Folgerung darf 
wohl sicher als ein Beweis fiir die Eielitigkeit der 
Theorie von Prof. Lorextz angesehen werden. Tim 
dies durehs Experiment zu entseheiden wurde der 
Elektromagnet von § 2, aber nun mit diirchbobrten 
Polen, so aufgestellt, dass die Yerbindungslinie der 
Pole die Mitte der Gitters selmitt. Die P-Linien 
wurden mit der Lupe von Fresnel betraebtet, worin 
ein vertikaler Draht gespannt war. Zwisehen dem 

Gitter imd der Lupe wurden das ^ -Platteben und 

der Mcol aufgestellt, die ich friiher bei der Unter- 
suebung der normalen polaren Reflexion an emem 
magnetisierten Spiegel benutzt babe i). Das Platt- 
cben und der Mcol wimden relativ zu einander so 
orientiert, dass recbtscirkular-polarisiertes Liebt 
ausgelbsebt wurde. Nun muss gemass den obigen 
Ausfubrmigen die verbreiterte Spektrallinie an 
dem einen Rand reebts- an dem anderen links- 
eirkular polarisiert sein. 

Durcb eine Drebung des Analvsators um 90° 
muss das Liebt, das erst ausgelbsebt wurde, dureb- 
gelassen werden und umgekebrt. Oder aueb : kebrt 
man die Riebtung des Stromes um, dann muss, wenn 
erst die reebte Halfte der Linie im Apparat siebt- 
bar war, nun die linke es werden. Der Draht in 
der Lupe wurde auf die Linie eingestellt. Beim 
Tlmkebren des Stromes versprang die siebtbare 

ZEEMAiT. Zitt. Versl. Kon. Akad. v. Wet. Amsterdam 
26 Jaxmaii 1895. 
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Linie! Dieser Tersueh koimte beliebig wiederholt 
Averden. 

21. Eine geriiige Abanderiing obigen Y ersuches 
ist noch diese. Bei miverandertem Stand der 

Platte 'wird der Analrsator nindgedrebt. Die ver- 
breiterte Spektrallinie wird dann bei einer Um- 
drehimg des Analysators zweimal breit und zweimal 
schmal. 

22. Der Elektroraagnet wurde 90° in einer 
horizontalen Bbene aus der Lage Ton § 20 berans 
gedreht, so dass die Kraftlinien nun normal standen 
auf dieVerbindimgslinie des Spaltes mit dem Glitter. 
Die Bander der verbreiterten Spektrallinie ergaben 
sick nun als linear polarisiert und zwar in einer 
Ebene die normal auf die Linie steht. Diese 
Erscbeinung ist unmittelbar deutlich auf Grund der 
Betrachtung ron § 19. Man sieht die Kreise, worin 
sick die lonen bewegen xmd die normal zu den 
Kraftlinien steken, nun mekr flack von der 
Seite. 

23. Die Versucke 20 bis 22 kann man als einen 
Beweis dafiir anseken, dass die Licktsckwingungen 
durek die Bewegung von lonen verursaekt werden, 
wie sie durck Prof. Lorentz in seiner Elektrizitats- 
theorie eingefiikrt worden sind. Aus der gemes- 
senen Verbreiterung C§ 14) kann nun mit Hiilfe 

der Beziehung (6) das Yerkaltnis — gef unden 
werden. Es zeigt sick dann, dass — von der 
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Ordiiung 10'^ ist. !N'aturlieIi kann dieses Resultat 
der Theorie nur als eine erste Kaherung angeseken 
werden. 

24. Aus dem Yersuch von § 20 kann man 
ableiten ob das positive oder negative Ion sieb be- 
vregt. Laufen die Kraftlinien in der Riebtung zum 
G-itter, daim zeigte sieb, dass die recbts-cirkular- 
polarisierten Strablen eine kleinere Scbwingungs- 
zeit erbalten. In Zusanimenbang mit § 17 folgt 
daraus, dass es die positiven *) lonen sind die sieb 
bewegen oder die wenigstens eine grossere Babn 
besebreiben. 

25. Yor allem da nun die Magnetisierung der 
Spektrallinien in der Tbeorie von Prof. Loeentz 
interpretieif werden kann, wird ibre weitere Unter- 
suebung sebr verlockend. Es drangen sieb direkt 
eine Reibe weiterer Pragen auf. Es sebeint viel- 
versprecbend fiir verscbiedene Stoffe unter ver- 
scbiedenen Bedingungen von Temperatur und 
Brack, bei verschiedener Starke der Magnetisierung 
die Bewegung der lonen zu verfolgen. Die weitere 
TJntersucbung wird aueb feststellen miissen, inwie- 
weit die starken magnetiscben Krafte, von denen 
man annimmt, dass sie auf der Sonnen-oberflacbe 
wirken, ibre Spektrallinien verandem konnen. 


•) Das Zeichen • be2deht sich hier und im Folgenden auf 
Bemerkungen der Herausgeber, die jedesmal am Ende der vor- 
liegenden Abhandlung zu fmden sind. 
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Diese Abhandlmi^ ist von Herrn Prof. Dr. P. Ehkekfest 
unter BeriielLsichtigung der Veroffentlichungen in “The Philo- 
sophical Magazine’’ mid „ Archives Xeerlandaises des sciences 
exactes et natnrelles" iibei'setzt aiLs: Zittingsverslagen der 
Kon. Akademie van Wetenschappen te Amsterdam, Band V, 
1896 — 97, ^YO sie in z\vei Teilen, den § § 1 — 11 (31 Oktober 
1896, pp. 181—184^ tmd den § § 12—25 (28 November 1896, 
pp. 242 — 248), ei^schienen ist. 

*) p. 90. Anf diese Stelle bezieht sieh Prof. Zeeilos’s Pnss- 
note in Abhandlnng II dieser Sammlung, S. 97. 
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tt DOUBLETS AND TRIPLETS IN THE 
SPECTRUM PRODUCED BY EXTERNAL 
MAGNETIC FORCES 

O N a former occasion I have remarked that 
the elementary treatment of the general idea 
of the Lokextz theory of the magnetic broadening 
of the spectral lines indicates that the broadened 
line must in some cases be broken up into a triplet. 
I have examined this subject somewhat more in 
detail. Further consideration shows that with a 
very strong magnetic field, a magnetically broaden- 
ed line must be broken up into doublets or triplets 
according as the light is emitted in a direction 
parallel or perpendicular respectively to the lines 
of force. With a smaller intensitv of the field, the 
line will be simply widened. The prediction of 
Loeeotz with regard to the polarization of the 
edges of the broadened lines having been fulfilled, 
it seemed worth while to pursue still further the 
study of the polarization of the lines. Even with 
magnetic forces insufficient to break up the line 
into a triplet, it might be possible to learn some- 
thing more about the constitution of the widened 
line. It seemed to me to be of interest to investigate 
this point, and to see whether the explanation 
formerly given, intended as the very first sketch 


Phil. Mag. for March 1897; c.f. this eoUectioii paper I. 
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of the motion of ions according to the theory of 
Lorentz, was further confirmed by expeiiment. 

Prof. Om’ER Lodge has suggested that, under 
some suppositions, we might conclude also that the 
line will be simply widened in a strong field. I take 
the liberty of stating briefly to the readers of the 
‘Philosophical Magazine’ the preliminary results I 
have obtained in regard to these questions. 

2. In § 18 of the cited paper, the motion of an 
ion in a magnetic field was treated according to 
LoEEiraz’s theory. The system of coordinates was 
chosen in such a manner that the axis of z was 
parallel to the magnetic force, the plane of {x, y) 
being perpendicular to it. Referring for the rest 
to the cited paper, I recapitulate that the consi- 
dered motions of the ions, existing before the put- 
ting on of the magnetic force, were resolved into 
a rectilinear harmonic motion parallel to the axis 
of z and two circular (right-handed and left- 
handed) motions in the plane of (a;, y). 

The first remains unchanged under the influence 
of the magnetic force, the periods of the last are 
changed. 

3. Using the rule given by Lokentz, therefore, 
we see that in the direction of the lines of force, 
right-handed and left-handed circularly polarized 
light of changed period must be propagated. The 
ions vibrating parallel to the lines of force of course 


1) ‘The Electrician’ for February 28, 1897, p. 569. 

n 




94 


do not eanse any disturbance in the aether equiva- 
lent to light in that direction. 

In a direction perpendicular to the lines of force, 
those motions of the ions which have a component 
parallel to the plane of (x, y) give plane-polarized 
light vibrating in a vertical plane and with changed 
period (I suppose the axis of s in a horizontal 
plane). The ions, however, moving parallel to the 
axis of z give electrical vibrations in a horizontal 
direction mth unchanged period. 

4. Magnetic Doiiblets. — Hence vith every value 
of the magnetic force, an infinitely narrow spectral 
line breaks up into two lines, the light being emitted 
in the direction of the lines of force. However, for 
lines of finite width the magnetic change of the 
period must exceed somewhat that corresponding 
to half the width of the original line in order that 
the doublet may be seen. One of the components 
then must be over the whole width left-handed, the 
other right-handed circularly polarized. 

5. Magnetic Triplets. — With finite width of the 
spectral line and observing in a direction perpen- 
dicular to the lines of force, the line is broken up 
into a triplet if the magnetic change of the period 
corresponds to the whole width of the original 
spectral line. Hence the magnetic force necessary 
to produce a triplet is equal to twice the value 
necessary for a doublet. 

6. Intermediate Forms of Magnetic Doublets 
ayid of Triplets. — With magnetic forces less than 
n 
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tlie ones supiwsed in 4 and 5, forms intermediate 
between the michanged spectral lines and the doub- 
lets and triplets may be expected. With the doublet 
ojily one paiticular mtermediate form exists, viz., 
a line the edges of which are circularly polarized, 
the central pait emitting unpolarized light. This 
case I described in my former paper. 

Of triplets two mtermediate forms may be dis- 
tinguished. 


Polarized light. 



а. Vibrations vertical. 

б. Vibrations horizontal. 


TJnpolarized light. 


I will call a line “Triplet a”, if the magnetic 
change corresponds to somewhat more than half 
the width of the unchanged line. In this case the 
broadened line is composed in the following manner : 
the central part will emit horizontal vibrations, at 
both its sides bands of (chiefly, but not entirely) 
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impolarized light border it, which again are enclosed 
by bands of vertically vibrating light. The aceom- 
paiiying diagram gives a rough scheme of the 
constitution of the line. 

In “Triplet the magnetic change amounts to 
less than half the width of the original line. This 
case I described in my cited paper. 

7. Hence we may expect that if we can just 
resolve the doublet, the magnetic force also is suf- 
ficient for triplet a. 

As with sodium (cf. § 11) I did not succeed com- 
pletely with the means at my disposal in observing 
the expected doublets and triplets, so with other 
substances I looked in the first place for magnetic 
doublets. We might expect then that further 
inquiry would show something about the triplets. 
At last I succeeded in observing with the blue* line 
(X = 480 fi ( x ) of cadmium the doublet and the 
triplet a. It has already been remarked by Egorofp 
and Geobgiewsicy that cadmium also exhibits the 
broadening of the spectral lines under the action of 
magnetism. 

8. The method of experiment was principally 
the same as that formerly used. As in my former 
experiments, I used a Rtjhmkoepf electromagnet. 
I missed, however, the beautiful Rowland grating 
I used in the laboratory of Prof. Onnhejs. I now 
only had at my disposal a smaller one with a radius 


1) C. B. 1897, t. cxxiv. pp. 748 & 949. 


II 



97 


of 6 ft., but like the Leyden one vrith 14438 lines 
to the inch. The second spectrum was very satis- 
factory. For the cadmium spectrmn a spark was 
used between cadmium electrodes; with a lens, as 
often used in this maimer by Lockzer, an image 
of spark and electrodes was formed on the slit; it 
is then easily verified that the pail: of the spark 
just between the poles is analysed. 

The above-mentioned cadmium line is especially 
sharp at the violet side. 

Now I succeeded, indeed, in observing the expect- 
ed phenomena (doublet and triplet a). 

9. For observing the doublet along the lines of 
force a perforated pole was used. With a current 
of 30 amp. the distance of the poles being as s mall 
as possible without interfering with the cadmium 
electrodes, a perfectly defined doublet was seen. One 
of the components appeared to be left-handed, the 
other right-handed circularly polarized i) over the 
whole width. It might still be argued that the inter- 
vening dark space between the components is caused 
by a reversal and that it is not a doubling of the 
lines. However, then it must be supposed that this 
absorption-line just intercepts that part of a mag- 


The sign of the circular polarization is the same in the 
case of this cadmium line and of the D-lines. I must, however, 
correct my statement in § 24 of my former paper. I now 
see that if the lines of force are running towards the grating, 
the right-handed circularly polarized rays appear to have the 
greater period. Hence the radiation is due chiefly to the 
motion of a ti^^a^weZiz-charged particle. Probably my mistake 
arose from a faulty indication of the axis of the A /4-plate used. 
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netieally broadened line emitting unpolaiized light. 
Now with a smaller value of the magnetic force 
the dark space becomes narrower. I grant that this 
is also the case with the supposed absorption-line. 
However, then a greater part of the broadened 
emission-line should emit unpolarized light, the 
smaller absorption-line now intercepting but a part 
of it. It appeared, however, that even with very 
narrow intervening dark space, the components of 
the doublet were entirely cii‘ciilaiiy polarized, and 
hence the intervening dark space seems to be dif- 
ferent from an absorption-line. There is yet another 
argument against the interpretation that the dark 
space is of the nature of an absorption-band. Indeed, 
one should expect to see also reversal if looking 
across the lines of force. However, in this direction 
no trace of an ordinary absorption-line was visible 
with the same magnetic intensity. Hence we must 
conclude, I think, that I have really observed the 
doublet indicated by Lorentz’s theory. 

10. Looking across the lines of force I succeeded 
in observing the phenomenon indicated as triplet a 
(§6, diagram). If no nicol was used only a broaden- 
ed line was visible. A nicol orjented so as to get 
rid of light whose plane of polarization is vertical 
makes a dark well-defined line appear in the midst 
of the broadened line. Turning the nicol over 90° 
this dark line disappears, the lateral wings now 
being quenched, because these are polarized in a 
horizontal plane. All this ii^ to be expected accord- 
n 
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ing to § 6. The analysers in §§ 9 and 10 were 
inseiled according to Looge’s advice before the 
light reaches the grating. 

Till now I have not had the opportunity of meas- 
urmg the mtensity of the field used in §§ 9 and 10. 
I took care, ho\Yeyer, to make them nearly equal 
in the two cases. 

11. Finally it may be mentioned that I observed 
also traces of the phenomena described in §§ 9 and 
10 with sodium. As the D-lines reverse so very 
easily by non-magnetie agency and as they show 
sometimes complicated phenomena (Lockyee and 
CiAiknciAN ^)), it seems difficult to see the pheno- 
mena pure and simple with sodium. It is true that 
it is not difficult to avoid perturbations caused by 
the motion of the piece of asbestos, as mentioned 
by Egoeofe and Georgiewsky in their interesting 
note. To avoid disturbances of this kind I simply 
moistened the mouth-piece of the burner with a 
very concentrated solution of NaCl or NaBr. Small 
disturbances nevez-theless easily make their ap- 
pearance. 

12. Although my inquiry is not yet closed, I 
think, however, that we can say that it seems to 
give new evidence in favour of the interpretation 
of the magnetization of the spectral lines given by 
Lorentz’s theory. When I have determined the 

‘The Electrician' of 26 February, 1897. 

C.f. Kayser, Speetralanalyse, p. 305. 

C. R. t. cxxiv. p. 949. 
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intensity of my field, we caii decide the question 
whether we can hope to obtain a pure triplet by 
augmentation of the magnetic force or by using 
narrower spectral lines, though, of course, it may 
yet turn out that the phenomena pro’ce to be less 
simple. For a future paper also must be reserved 
the accurate measurement of the amomit of the 
magnetic change with Cd and other substances ^), 
and therewith the discussion about the ratio between 
mass and charge of the ions in Loreotz’s theory. 
It is very probable that these “ions” differ from 
the electrolytical. It is true that by means of the 
latter many phenomena can be interpreted, as also 
is done in a paper by Richabz where, e. g., the 
molecular magnetism is explained by the motion 
of the ions, but the high value of e/m which I have 
found makes it extremely improbable that we have 
to deal with the same mass in the two cases. And 
Lodge ®) has even pointed out in an extremely 
interesting paper that my value of e/m can be ex- 
plained without the necessary motion of any 
“matter” at all. 

Appendix. — On communicating the observations 
of this paper to Prof. Lodge, he most kindly in- 
formed me that he had already seen some of them 
himself. Especially he had seen the doubling of 

I have experiments in progress (measurements of the 
photographed magnetized spectrum) by "whieh I hope to be 
able to obtain fairly accurate values of the magnetic change. 

Wied. Ann. Hi. p. 385 (1894). 

®) ‘The Electrician’, March 12, 1897. 

n 



101 


the lilies and sIiomti them at the Royal Society 
soiree on ila>' 20. He, howeyer, did not suppose 
it to be a real doubling of the line, but thought it 
to be a broadening and a reversal. I have given 
iny reasons ('the chief being the circular polariza- 
tion over the whole vidth) for thinking that I 
observed a real doubling. I am eonfiimed in 
this ojiinion because it corroborates the observa- 
tion of the iierpendieular polarizations of the 
middle and of the edges of the triplet a (§ 10). As 
Prof. Lodge does not mention that he observed this 
last phenomenon, and as my point of view is differ- 
ent from his, his object not being in the first place 
to test Loeentz’s theory, I publish the paper in its 
original foim, though it turns out that part of its 
contents has been obseiwed by both of us indepen- 
dently ^). 


Disclaimer hy Prof. Lodge, 

Having been asked to exhibit Prof. Zeeman’s discovery at 
the Royal Society soiree I arranged apparatus to obtain 
it more powerfully, and thereby saw the new effects; but 
without any intention of trespassing on the prerogative of 
the discoverer. 

What I saw concerning polarization was that, when looking 
across the lines of force, a nieol brought out the doubling 
(or tripling or quadrupling as the case might be) more 
sharply, no doubt by quenching the residual light; and that 
is restored the original appearance of the line when rotated 
through 90®. I mention this here as partially confirming 
Prof. Zeeman’s most interesting and much more complete 
investigation, on the theoretical aspect of which at present I 
offer no further opinion. — Liverpool, June 6, 
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M agnetic triplet. — with the grating 

of § 8 and with a very strong cuiTent and 
rightly-shaped conical poles I succeeded in observing 
also the pure triplet (§5) with cadmium. Again the 
blue * cadmium line was examined which I have 
used for the other characteristic phenomena. The 
field used was about 32.000 C.G.S. Using this strong 
field and looking without a nicol across the lines 
of force the cadmium line was seen tripled, i. e., 
broken up into three lines, separated by dark spaces. 
The existence of this triplet demonstrates, as it 
seems to me, irrefragably, and independently of the 
examination of the state of polarization, the mag- 
netic nature of the phenomenon. 

If now a nicol is placed in the rays with its plane 
of polarization horizontal, then only the two outer 
lines of the triplet are seen. A rotation of the nicol 
over 90° makes appear the central line and quenches 
completely the light of the outer ones. Hence the 
central line of the triplet emits plane-polarized 
light, the plane of polarization being vertical; the 
outer lines, on the other hand, emit light polarized 
in a horizontal plane. This result entirely confirms 
the considerations of § 3 and § 5. The question of 
§ 12 is now answered. New evidence in favour of 
the interpretation by Loeentz’s theory of the mag- 
n 
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netizati«tn of the spectral lines has ]»een obtained. 

34. Mcmunmcnt of Magnetic Change. — The 
ti-iplet and also the “triplet a" of § 6 enable us to 
ineasiuv accurately the magnitude of the magnetic 
change; on a former occasion I have given oidy 
the result of a rough measurement in order to deter- 
mine the order of magnitude. Using the “triplet a” 
I have now obtained a far more reliable value. 
Looking across the lines of force and quenching the 
horizontal vibrations by means of a nicol the vertical 
vibrations onh' emerge. Using a grating there are 
to be seen two seijarate lines, consisting of vertical 
ribrations. The distance between the centra of these 
lines corresponds to the double change of the period. 
Of coui'se, this distance can be measured far more 
accurately than the widening of a Ime. The accu- 
racy of the measurement by means of a micrometer 
eyepiece is much increased if the grating gives 
brilliant lines. This quality is possessed by a grating 
in the possession of the laboratory of the Univer- 
sity of G-roningen. Its director, Prof. Haga, kindly 
invited me to make some measurements with his 
apparatus, which were in full working order. The 
grating is mounted in a very stable manner, which, 
of course, is very favourable for accurate measu- 
rements. 

15. Por the pariiculars of the mounting I refer 
to Haga’s paper (Wied. Ann. Ivii. p. 389, 1896), 


Phil. Mag. March 1897, p. 230; c.f. this collection paper I. 
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The grating (best quality) has a radius of 10 ft. 
and 10.000 lines to the inch. The source of light 
used was a piece of asbestos paper soaked with 
molten salt and introduced into the flame of coal- 
gas fed with oxygen under high pressure. An image 
of the sodium flame was formed on the slit by 
means of a lens. Between the lens and the slit a 
large nicol was placed; the distance between the 
slit and the flame being about 50 cm. Care was 
taken that there were no absorption-lines in the 
spectrum of the non-magnetized flame. 

16. The nicol was placed so that its plane of 
polarization was horizontal. With the putting on 
of the current the two lines mentioned in § 14 
appear (c/. also § 10). The distance between these 
lines was now measured by means of a micrometer 
eyepiece. The movable frame carries cross-wires; 
the cross resembles that of St. Andrew. For 
spectroscopic measurements this cross is recom- 
mended (see e. g. Scbeinbr, Spectral-analyse der 
Gestirne, p. 74). Illumination of the wires was 
necessary. Now the position of each of the 2X2 
-lines formed by the D-lines was read. The differ- 
ence between two readings gives the distance 
between the centra for and for in terms of 
the divisions of the screw-head (one revolution = 
100 divisions). These differences are entered in the 
following table. The electromagnet soon became 
very hot by the heat generated by the necessary 
current (22 amp.) and by the action of the flame, 
n 
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Hence it was iniiDossible to make more than three 
or four measui'ements without interrupting the 
current. 

Thirty-eight measurements give for the distance 
between and D.y 288 divisions. The probable 
error of one measui'ement of the magnetic change 
is 6-5 divisions for 4-5 for Do- The results 
have the probable errors 1-5 and 1-0 divisions. The 
magnetic change is the same for the two sodium 
lines, the difference Ijing within the limits assigned 
by the iirobable errors. The intensity of the field 
(determined by a bismuth spiral) was 22.400 C.G.S, 
In this field the positive and negative magnetic 

change of the period amomits to itIoo* Hence e/ni 
is 1-6 . 107. 


Distances between the Centra in divisions of screw-head. 


for Di 

for D .2 

26 

i 36 

18 

i 30 

26 

32 

45 

37 

25 

46 

28 

36 

38 

46 

42 

26 

26 

33 

38 

25 

35 

32 

53 

28 

36 

31 

61 

21 

26 

34 

26 

35 

26 

37 

31 

25 

21 

25 


Mean 32-3 ± 1-6 32-4 ± l-O 
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On a former occasion I have found by a rough 
measurement for the magnetic change jolooj the field 
being 10.000 C. O. S. Assimiing proportionality 
between change and intensity the ijresent measure- 
ments give for the said field sqjoo- The close agree- 
ment between the result of my rough measurement 
and the new one is of course the effect of mere 
chance, for the magnetic change in the case of 
sodium depends on temperatui*e ■^), which may have 
been different in the two cases. Probably it was 
not very high in the case now considered. The order 
of magnitude of e/m is entirely the same as the 
one formerly given. 

17- The great brightness of the Groningen 
grating makes it possible to observe very nicely 
also with sodium the “triplet a”, which I described 
for cadmium. If no nicol is used the exciting of the 
magnet seems to break up the sodhun line into two 
lines, the phenomenon somewhat resembling the one 
observed if a nicol is used, but with this difference, 
that the darker part is not very dark and not nar- 
rowed; hence the appearance differs considerably 
from the one we are accustomed to observe with 
reversals. 

The explanation wiU be (as was remarked by 
Prof. Haqa to the author) that now the three 
constituents of the triplet partially overlapping one 
another, the maxima are conspicuous and the inner 

") Phil. Mag. March 1897, p. 227, § § 3 and 4; c.f. this 
collection paper I. 
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paii appears dark ky <'oiitrast. Tlius there would 
he no reversal in our case. This really seems to be 
so, as is confirmed by the following experiment. 
The a])ove mentioned haz\' dark line being visible 
a nicol was idaced in the beam so as to get rid of 
light whose jdane of i>olarization is veidieal; now 
only the bright line which emits horizontal ^dbra- 
tions remains visible, but without the slightest trace 
of a reversal. For this observation it is of course 
very desirable to use a blight grating. I had no 
opportmiity of obtaining a measurement of the 
doublet to be seen along the lines of force. 

18. A few words may perhaps be said here con- 
cerning Prof. Michelson’s paper in the July 
number of the Phil. Mag. MiCHEiiSON applies his 
beautiful method of the interferometer to our 
subject, and there can certainly be but one opinion 
as to its particular advantages in such cases. Some 
of his results seem at first sight at variance with 
mine. Only in one case is there perfect agreement 
between MroHEiiSOir’s results and mine, viz. when 
the light is emitted along the lines of force. We both 
get a doublet in this case. MiOHELSOisr adds that a 
broadening is inappreciable. Evidently he means 
a broadening of the components, which I did not 
advocate, though it exists in a slight degree in some 
cases. I referred in my first paper only to a broaden- 
ing, because I had not yet resolved the doublet 
or the triplet. It is of course a proof of the super- 
iority of Miohelsoit’s method that with relatively 
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weak magnetic forces lie could recognize the dupli- 
city, whereas for me it was not so easy. 

Looking across the lines of force I have observed 
a triplet, vrhereas Michelson also for this case finds 
a doublet, though less clearly marked than in the 
other ease. This eeifainly at first sight seems a 
great difference. I ventui*e, however, to give the 
following explanation: — 

Let us assume, not only that the ^dsibility-curve 
is practically the same as that due to a doublet, but 
also that it is undoubtedly proved that a triplet 
cannot give a practically identical curve in some 
cases, of which I for myself am not sime at present. 
Granting that we must assent to a doublet the 
question arises whether there cannot be assigned 
another cause for the difference. I think there can. 
Mt ottrls on- in making his experiments was yet 
unacquainted with the particular states of polariza- 
tion in the triplet. I think that a sufficient reason 
for the difference mentioned may be found in the 
perpendicular polarizations of the outer lines and 
the central one of the triplet (§13) or of the central 
band and the outer edges of triplet a (§ 6). 

Supposing that the apparatus was arranged in a 
horizontal plane, then the reflexions (under 45°) 
from the two plane plates, one unsilvered and one 
semisilvered with a transparent film of silver, must 
weaken especially the horizontal vibrations and 
hence almost annihilate their influence. !Por un- 
silvered plates it is easily calculated that the in- 
n 
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tensity of liorizontal Tibrations is under the cir- 
eimistanees stated weakened fire or six times more 
than that of the vei-tieal ones. This ratio is of 
course somewhat changed by the silver film. How 
much cannot be said without knowledge of further 
details. 

If I have indicated the real cause, JMichelsox has 
observed a case analogous to my triplet a, when a 
nicol is interposed in such a position as to get rid 
of the horizontal vibrations. Let us hope that Prof. 
Michelson will soon give us his opinion. 

Amsterdam, July 10. 

[Note added August 10.] — Prof. Michelson 
kindly informs me just now that he believes my 
explanation of the discrepancy in our results to be 
correct. 


This paper was first published in: Zittingsverslagen der 
Kon. Akademie van Wetenschappen te Amsterdam, May 29*^ 
(§§ 1—12) and June 26^1 (§ § 13—17) 1897, VoL VI, 
pp. 13 — 38 and 99 — 102. A translation that differed only 
slightly from the original paper and to which a new para- 
graph (§18) was added, appeared in: “The Philosophical 
Magazine” (5) Vol. XLIV (1897) pp. 55—60 and 25^—259; 
this version is reprinted here. 

*) pp. 96 and 102. According to private inf oraiation given 
by Prof. Zeeman to one of the enters of this reprint it 
appeared after the publication of this paper that the observed 
line was in fact not the blue Cd-line (A = 480 /ifA) but the 
indigo one (A = 468 nu)- 
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III. MEASUREMENTS CONCERNING 
RADIATION-PHENOMENA IN THE MAG- 
NETIC F IELD 

I N § 12 of my paper on “Doublets and Triplets” i) 
I mentioned already that I was occupied in 
photographing the spectrum of a source of light 
placed in a magnetic field. However, it was not 
until October last that good photographs of the 
characteristic phenomena were obtained ; some 
specimens were shovm at the October meeting of 
the Amsterdam Academy^). In order to study 
further quantitatively the radiation-phenomena in 
the magnetic field I have made the following 
measurements. For purposes of measurement 
there are several advantages in photographing the 
outer components of the magnetic triplets, quench- 
ing the light of the middle line by means of a 
nicol. By this latter device we also are enabled 
to measure accurately the magnetic effect in lines 
not entirely separated into triplets. 


PM. Mag. xliv. pp. 55, 255 (1897) ; e.f. this collection 
paper II. 

“) Cf. ‘Nature’, 'vol. Ivii. p. 192. That it is not very easy 
to photograph the characteristic phenomena is shown by a 
paper in ‘Nature’ (vol. Ivi.- p. 420). The authors obtained 
only negative results. Mr. Preston, working apparently with 
the same grating, has quite recently succeeded in actually 
photographing all the appearances . I have described. 
(‘Nature’, vol. Ivii. p. 173). 

’*) And also by the method of Cornu (C.R. Oct. 18, 1897) 
and Konig (Wied. Ann. Bd. Ixii. p. 240, 1897). 
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I have measured negatives, obtained bj" means 
of a RoiVLAifD grating, using electrodes of various 
metals and a veiy strong field. The measurements, 
however, only refer to a relatively small part of 
the spectrum, I regret that it is not greater. Much 
time was lost because the grating was not mounted 
in the manner of Rowlatu), the various parts of 
the apparatus not being ready in time. Grrating and 
camera-box were placed upon separate stands; it 
was now necessary to find the position of slit, 
grating, and camera-box for each part of the 
siiectrum by a laborious process of error and trial. 
The dimensions of the camera-box permitted only 
the use of plates 13 or 18 centim. long. The results 
of this paper are hence to be regarded only as 
preliminary. I intend to go over the measurements 
once more and to make negatives of the whole 
spectrum, using a larger grating and the new 
apparatus, just now finished. 

2. Measurements of the distance between thti 
outer components of the triplet will also put to test 
the possible hypothesis, that it is only one kind of 
ions, having charges proportional to their effective 
masses, that are free to vibrate in the atom or 
molecule. On such an hypothesis, in a definite 
field the intervals between the outside components 
of the triplets should be (measured in change of 
wave-length) proportional to the square of the 
wave-length or (measured in difference of fre- 
quency) the same for all lines of the spectra of all 

in 
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substances ^). The measurements communicated 
prove that for different substances the magnetic 
change is at least of the same order of magnitude, 
and cei-tainly not directly dependent upon the 
atomic weight. The variation of the phenomenon 
with wave-length, however, seems more complicated 
than follows from the hypothesis mentioned, and 
in fact in Lorentz’s theory there is no d priori 
reason to be given for its probability 2). 

3. The Rowland grating used was one of radius 
6 feet and 14,438 lines to the inch. The second 
spectrum was used in most eases. With a medium- 
sized induction-coil and one large leyden-jar twenty 
minutes exposure was sufficient in the most 
sensitive paif of the spectrum. Pure metals were 
used as electrodes. In each position of the appa- 
ratus always two (and often several) negatives 
were taken, one with and one without the magnetic 
field. The plates used were Cadett and Neal and 
LIaeion instantaneous; they were developed with 
hydroquinone. In some photochemical difficulties 
Dr. Ernst Cohen was kind enough to give me his 
assistance. 

The lines on the plates were identified by com- 
parison with the solar spectrum. The negatives 
were measured on an ordinary dividing-engine, 
with a microscope reading directly to ^/loo ^ 

* Becquekel, C. E. Nov. 8, 1897 ; Larmor, Phil. Mag. vol. 
xUv. p 503, § 4 (1897). 

“) Lorentz, Wied. Ann. Bd. Ixiii. p. 278 (1897) ; Larmor 
1. e. p. 506. 
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millimetre, or by estimating the tenths of divisions 
on the head to ^/looo of a millimetre. The accuracy 
of the measurement of the interval between the 
components of course largely varies with the metal 
used as electrode. In a spectrum with sharp lines, 
for instance that of zinc of cadmium, this interval 
can be measured with an accuracy exceeding that 
of the magnetic measurements in our ease. In the 
case of other substances, for instance copper or tin, 
the lines are so hazy, or of so small intensity, that 
it is only possible to make an estimation. 

As an example of the accuracy obtained when 
magnetic triplets resulting from bright sharp lines 
are measured by means of the microscope of the 
dividing-engine, I will give some measurements 
concerning the line 4722 of the spectrum of zinc. 
The numbers in the following table are the readings 
( ^/i 00 millimetre) on the head of a micrometer- 
screw when the first and the second component 
respectively was under the wire. 

Determination of Distance between the Outer 
Components of the Triplet. (Zinc, X = 4722.) 

Component I. Component 11. 

28-8 49-8 

28-8 48*'7 

28-9 49-9 

28-2 49-5 

28-8 48-7 

28-2 48-9 

Mean 28-6 49-3 

Difference = 20-7 X ^/i oo niillitn. 

in 
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The negative was taken in the second spectrum. 
On the negative 1 millim. corresponded to about 
4-41 Angstrom-units. 

The following results were obtained concerning 
lines in the blue, violet, and ultra-violet part of the 
spectrum. 

4. Zinc. — The following tables contain under 
X the wave-lenghts of the spectral lines. The 
meaning of the different columns will be clear from 
the headings. The intensity H of the magnetic 
field was measured by means of a bismuth spiral. 
There is a slight uncertainty in the value of H, the 
temperature-coefficient of the bismuth wire not 
being accurately known. 

Distance between 
components in 
A Vioo millim. 

4811 18-6 

4722 20-7 

4680 25-1 

3345 Imperceptible 

3303 

3282 0 

It appears,- as is also indicated in the table, that 
some lines are not changed under the influence of 
the field, or at least so little that the magnetic 
change, if it exists, is extremely small ^). It 
deserves to be noted that between the first three 

Cf. LojrENTZ, 1. c. p. 284. 
ni 


Scale of Order of 


negative. 

spectrum. 

H. 

1 millim. 
= 4-41 A.it. 

2 

32 . 10^ 

1 millim. 
= 2-94A.U. 

3 

32 . 103 



115 


lines in the table clearly sllo^^ing the magnetic 
change, and the last three not sho^ving it, there 
exists also another interesting difference. Indeed, 
the first are the group of three lines resulting from 
Kayser and Ri'Nge's second subordinate series for 
the value 3 of the coefficient n in their formula i). 
The second group of three lines follows from the 
first subordinate seiies, n being 4. Further inquiry 
must decide whether all lines of the first series are 
not influenced, only those of the second being 
changed. 

5. Cadmium. — 

Distance between 

components in Scale of Order of 

A Vioo millim. , negative, spectrum. H. 

4800 22-0 1 millim. 2 32,108 

4678 24-2 ==4-41A.U. 

These are lines of Kayser and Runge’s second 
subordinate series 2), n being 3 (cf. zinc). The 
line 5086, also of this series, unhappily could not 
be measured, being situated too near the border of 
the negative. 

6. Copper. — The lines of the copper spectrum 
are, at least between 4800 and 4300, so hazy that 
they could not be measured. A rough estimation 
of some lines gave about 30 hundredths of a milli- 
metre for the distance between the components. 


Kayser u. Runge, Wied. Ann. Bd. xliii. 'p. 394 (1891). 
®) Kayser u. RuNCfE, 1. e. p. p. 399. 

Ht 
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7. Tin, — 

Distance between 

components in Seale of Order of 

A Vioo millim. negative, spectrum. H. 

4585 ±35 1 millim. 2 32 . 10® 

4525 Imperceptible =4-46A.U. 

4447 ± ? 

4184 ± % 

The lines of the tin spectrum are very feeble. 
With the magnetic field off, the lines indicated in 
the table all clearly appeared on the negative after 
an exposure of 15 minutes. Exposing, however, 
with the field on, only the first two lines were on 
the plate, notwithstanding that the time of exposure 
was prolonged to 23 minutes, the other circum- 
stances being the same as before. Apparently the 
first and the last two lines undergo a magnetic 
change; the last lines (being the feeblest) did not 
impress their components on the plate. The com- 
ponents of 4585 were so feeble that they disappeared 
if looked at through the microscope. For this reason 
I have made a scratch at each of the components 
by means of a needle, and have measured the 
distance of these scratches. 

Amsterdam, December 31, 1897. 

This paper is a reprint from: “The Philosophical Magazine” 
(5) XLV (February 1898) pp. 197 — 201. The substance of it 
was published for the first time in : Zittingsverslagen der Kon. 
Akademie van Wetenschappen te Amsterdam, October 30Oi and 
December 1897, Vol. VI, pp. 260—262 and 408 — 411. 
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IV. ON AN ASYMMETRY IN THE CHANGE 
OF THE SPECTRAL LINES OF IRON 
RADIATING IN A MAGNETIC FIELD 

I T is known that in the elementary treatment of 
the influence of magnetic forces on spectral lines 
according to Lorentz’s theory it is sufficient, if 
only one spectral line is considered, to suppose that 
in every luminous atom is contained one single 
movable ion moving mider an attraction propor- 
tional to the distance from its position of equi- 
librium. All motions of such an ion can be resolved 
into linear vibrations parallel to the lines of force 
and two circular vibrations, right-handed and left- 
handed, perpendicular to the lines of force. The 
period of the first mentioned vibration remains 
unchanged, those of the last are modified, one being 
accelerated and the other retarded. The doublets 
seen along the axis of the field, the triplets seen 
across it are in this manner simply explained and 
also the observed polarisation phenomena. Besides 
we must expect according to the theory that the 
outer components of the triplet are of equal intensity 
and likewise the two circularly polarized com- 
ponents of the doublet. Eye observations as well 
as the negatives taken by myself and others have 
always confirmed tiU now this most simple sym- 
metrical distribution of intensities. The question 
arises, cannot the external magnetic forces, suf- 
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ficient to direct the molecular currents assumed in 
the ionic theory of magnetism ^ ) , favour the circular 
vibrations more than those along the lines of 
force 2). If this be assumed we are also compelled 
to admit that the revolution of the ions takes place 
more in a given direction than in the contrary. 
Hence then there must be a difference of intensity 
between the two outer components of the triplet 
and between the two components of the doublet. 
Although the ordinary magnetism of the highly- 
magnetic substances has probably disappeared in 
the spark, it seems rather natural to examine in 
the first place iron, nickel and cobalt in search of 
a phenomenon in which the “molecular currents” 
of Ampere (or that part of these currents, which 
is produced by the motion of the light-ions) would 
manifest themselves optically. However, it seems 
to me by no means decided beforehand, that other 
substances would not exhibit something of this 
kind. I have however investigated in the first 
place iron. 

The first results obtained were very promising 
In the field used several of the iron lines exhibite(3 
on the negatives a more intense component at th( 


*) cf. Eicharz. Wied. Ann. 52, p 385, 410. 1894. 

cf. Lorentz. Versl. Ak Amsterdam, October ’97, p. 213. 
[It was pointed out by Lorentz in the article referred to, that 
the phenomena observed by Egohoef and Georqiewsky can 
be explained, without any hypothesis of the kind mentioned, 
by the absorption which the rays from the posterior part of 
the flame undergo in the anterior part.] 
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less, refrangil)le Side of the spectnira. Further 
inquii'y has however shown that this seemingly 
positive result seems to be of no value. I uill give 
the results of m\' experiments only in abstract. 
Before describing them, it may be remarked, that, 
if a directing influence, as mentioned, exists, we 
must exiject that the component at the less refran- 
gible side must be intensified in the case of the 
triplet as well as in that of the doublet. The sign 
of the charge of the ions camiot have any influence 
upon this result. 

2. Negatives were taken in the spectra of the 
third and second orders obtained by means of a 
RowTiAND grating (radius 10 ft., 14,438 lines to the 
inch). The pari of the spectrum between 3000 and 
4000 A. U., when viewed in the two principal 
directions across and along the lines of force, was 
studied with special care. The vast majority of the 
iron lines were, with the field used, resolved into 
doublets, triplets, quadruplets, etc.; only three 
or four lines seemed unaffected. Now I found in 
the case of a few lines inequality between the outer 
components of a triplet across and of the corres- 
ponding doublet along the lines of force. On the 
negative tiie component at the red side of the 
spectrum was darker, independently of a commu- 
tation of the current. Of course the difference of 
intensity is dependent upon the time of exposure. 
Upon some of the negatives the difference was for 
a special line perhaiw 50 or 100 percent. 
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However it was plain enough, that the outer com- 
ponents of the triplets and also the two components 
of the doublets were, in the case of the strong iron 
lines, of equal intensity. Now in the case of feebler 
lines, one of which we will call L, pei*turbations 
will be possible due to the overlapping of one of the 
components of a ‘‘normal” triplet or doublet and a 
feeble line, say but slightly affected by magnetism. 
The latter line can (1) be present near L in the 
same spectrum; or (2) belong to a spectrum of 
another order from the line L; or (3) by the very 
presence of the field a special line may become 
relatively to other lines more intense or a new line 
may be produced. By taking negatives with dif- 
ferent fields it will, of course, be possible to avoid 
difficulties from these three causes, at least if the 
supposed line is narrow. We can, however, by taking 
also negatives in absence of the field exclude (1), 
and by taking negatives in spectra of different 
orders or by cutting off any interfering spectrum 
through the use of absorbents, (2). Having done 
this, it appeared that ease (3) also sometimes 
occurs; the intensity of the iron lines relatively to 
the air lines varies considerably. New lines appear, 
at least lines absent on negatives taken with the 
field off became distinctly visible, while the in- 
tensity of the field was still insufficient to resolve 
the lines into triplets, etc. 

The last mentioned perturbation is of course most 
deceptive. Using however fields of varying inten- 
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sities, I could avoid peidurbation (3). Excluding 
however (1), ( 2 ), (3), only triplets, doublets etc. 
remained, which, I think, can only be called quite 
s\Tnmetrical. Hence up to the present time there 
is no evidence of a directing influence of the 
magnetic field on the orbits of the light-ions ^). 


This paper was first published in: Zittingsverslagen der 
Kon. Akademie van Wetenschappen te Amsterdam, June 
1898, Vol. ni, pp. 122 — 124. A translation, ■which has been 
I’eprinted here, appeared in: Proceedings Royal Academy of 
Sciences at Amsterdam, Vol. I, pp. 98—100 and in: Astro- 
physical Journal IX. (1899) pp. 47 — 49. 


cf. Preston, Phil. Mag. VoL 45, p. 333. 1898. 
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V. SOME OBSERVATIONS CONCERNING 
AN ASYMMETRICAL CHANGE OP THE 
SPECTRAL LINES OF IRON RADIATING 
IN A MAGNETIC FIELD 

I N observing spectral lines resolved into triplets by 
the action of the magnetic field, one is certainly 
struck by the symmetrical position and the equal 
intensity of the outer components of these trijplets. 
There are especially in the case of iron not a few 
of the stronger lines, which seem to represent ideal 
eases of triplets, as originally predicted by 
Loreisttz’s theory. It is only after more attentive 
inspection that several faint triplets are seen in 
which one of the outer components is apparently 
more intense than the other. On a former occa- 
sion 1) I pointed out that there were reasons for 
expecting triplets with a more intense lateral com- 
ponent toward the red. In strong fields I noticed 
a few. I could show however that most of these 
asymmetrical triplets were due to superpositions 
and I concluded that we had no evidence of a 
directing influence of the magnetic field on the 
orbits of the light-ions. No more was done upon 
this subject. 

2. Some time ago Prof. Voigt of G-ottingen 
kindly communicated to me that he had deduced 

Proceedings Eoyal Academy of Sciences at Amsterdam, 
June 1898. Astrophysical Journal, Vol. 9. Jan. 1899; e.f. this 
collection paper TV. 
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from theory that normal triplets must show in 
ivedk magnetic fields a remarkable asymmetry viz. 
the outer component toward the red has the greater 
intensity, the outer component toward the violet has 
the greater distance from the original line. In low 
fields these asynunetries will preponderate, disap- 
pearing however in sti*ong fields ^). 

It has given me much xdeasure to undertake at 
Prof. Voigt's request a testing of this result of 
his theory. 

I made these observations the more willingly now 
I was in possession of a beautiful concave grating, 
which Prof. Row’TvAJstd with kind courtesy has 
examined and selected for me. The grating is, like 
the one lent from the Leyden laboratory, ruled with 
14438 lines to the inch and has a radius of about 
3 M. The resolving power of the present grating 
is however superior to that of the one formerly 
used. Negatives now were taken generally in the 
second order. 

3. I tried to study by eye observation, using the 
spectrum of the first order, the inequality of the 
outer components. Iron terminals (all following 
facts relate to this substance) were used. A Nicolas 
prism was placed before the slit with its plane of 
vibration vertical, in order that the outer compo- 
nents of the triplet only were visible. 


*) Voigt’s paper will be published shortly in "Wiedemann’s 
Ann. under the title: „I)issymmetrie der ZEBMAN’schen 
Triplets ’ ’. 
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But not^^ithstanclmg the lateral components were 
but slightly separated and therefore the circum- 
stances, and as to intensity of the field and as to 
facility of comparison, very favourable, I could not 
conclude to an indubitable inequality of the outer 
components. It may be that the flickering of the 
spark interferes rather infavoui*ably with these 
observations. 

4. I had more success with the photographs 
taken. I studied the spectrum, of the second and 
third orders; between 3400 and 3900 tenth metres 
in the second and a somewhat smaller part in the 
third order. 

I did not introduce a nicol between the spark 
and the slit. The strength of the field may be 
roughly characterized by the statement that about 
two thirds of the more intense lines were resolved 
into triplets or quadruplets (showing with the field 
used for the greater part as doublets). It was now 
possible to look for inequality of intensities and at 
the same for asymmetry of the distances. Excluding 
the lines where the before mentioned perturbations 
interfered i), I have found several lines, which 
showed the asymmetries predicted by Voigt; it is 
true, in a very small degree. Some lines showed 
the asymmetry of the intensities only or of ' the 
distances only, but other lines the two asymmetries 

Proceedings Eoyal Academy Amsterdam, June 1898. 
Astrophys. Journal. Vol. 9. Jan. 1899; e.f. this collection 
paper IV. 
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at the same time. The phenomenon is however 
extremely small 

The difference of the distances between the com- 
ponents toward red and toward violet and the 
original line never exceeds a few percent. 

For the moment I will not communicate the 
amount of the asymmetiies of different lines. 
Either both or one of the asymmetries are shown 
by the following lines: 

3498.00, 3687.60, 3709.40, 3735.01, 3763.91, 

3878.71 1). 

5. As the outer components of quadruplets 
behave in a normal manner I have looked for an 
inequality of intensity between these components. 
The field used was somewhat stronger than the one 
mentioned in § 4. There was a difference in the 
expected sense in the case of the lines: 

3466.01, 3475.61, 3705.73, 3722.73, 3872.65. 

Moreover 3466.01 and 3705.73 showed a displace- 
ment toward the violet of the mean of the outer 
components relatively to the mean of the inner ones. 
This result is confirmed, at least for 3466.01, by 
an observation of Reese: “but the most careful 
measurements that I could make indicated a possi- 
bility that in the case of 3466.0 the mean of the 
inner pair is a trifle further toward the red than 


The wave-lengths of the sparc-speetrum according to 
ExnsR and Hascshee. 
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tliat of the outer pair^)”. Voigt’s developments 
only refer to tiiplets, but, I think, we may consider 
also these observations concerning quadruplets as 
indications m favour of the theory. 

6. The line 3733.46 is so modified as to be a 
triplet, the component toward the violet being at 
a smaller distance from the original line than the 
component toward the red. There seemed to be no 
inequality of intensity of the outer components. 
Of the triplet 3824.58 the component toward the 
violet is apparently more intense than the com- 
ponent toward the red. It does not seem to me 
very probable that in the last mentioned case there 
is some perturbation by the presence of the air- 
line 3824.4 (Neoviijs), because the component is far 
from hazy and the air-line very faint. It is invisible 
upon a negative taken with a very low field but 
with a time of exposition equal to that used in taking 
the negative with the more intense component 
toward the violet. 

It must remain for further inquiry to decide 
whether these observations must be explained by 
an extension of theory or by some perturbating 
cause not yet taken into account. 

7. From the mentioned observations we may 
draw, I think, the conclusion that the observed 
asymmetries are very probably real. The extreme 


Notes oil the ZEEMAN-Effect. Johns Hopkins Un. Circular. 
June 1899, N^. 140. Phil Mag Sept 1899. 
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minuteness of the asymmetiy makes it desirable 
however to establish further its reality. I hope to 
do this in a futui'e paper. 

Finally it is to be observed, as was remarked to 
the author by Prof. Yoigt, that my observation 
does not decide between his theory and that of 
Loeentz, but confirms the common basis of both 
theories i). 

[Addition of Jan. 15. I have lately found that 
in the case of the triplet and quadiuplet of cadmium 
4678 and 4800, and the triplet and quadruplet of 
zinc 4680 and 4722, the outer* components toward 
red are decidedly more intense than the components 
toward violet. Measurements of the distances were 
not yet made. 

The line 3733 mentioned in § 6 happens to be 
one of the lines showing “reversed polarisation”. 
Probably this deviation from the normal polari- 
sation will account also for the reversed asymmetry 
of the distances. 

I doubt however at the possibility of the suggested 
explanation in the case of a few other lines, lately 
examined, and which apparently exhibit the 
behaviour mentioned in the beginning of § 6.] 


The relation between these theories is exposed by 
Lokbntz. Physik. Zeitsehrift v. Rieeke u. Simon. S. 39. 1899. 
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Tliis paper was first published in: Zittingsverslagen der 
Kon. Akademie van "Wetenschappen te Amsterdam, December 
30th 1899, Vol. VIII, pp. 328—331. A translation, which has 
been reprinted here, appeared in: Proceedings Eoyal Academy 
of Sciences at Amsterdam, Vol. II, pp. 298—301. 
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VI, WEITERBS ZUR UNSYMMETRl- 
SOHEN AENDERUNG DER SPECTRAL- 
LINIEN IN EINEM MAGNETPBLDE 

V OX Yoigt 1} ist tlieoretiseh entdeckt worden, 
dass die Triplets in welche diu'ch die Einwir- 
krnig eines Magnetf eldes, bei Beobachtung senki’eebt 
zu den Kraftlinieii, viele Spectrallinien zeiiegt wer- 
den in schwachen Eeldern eiae Dissymmetrie zeigen 
miissen. Die nach Rot Inn liegende Componente 
soli die starkere sein, der Abstand aber der nach 
Violett bin begenden Componente von der mittleren 
grosser, als derjenige der nach Rot bin liegenden. 
In starken Eeldern sollen beide Dissymmetrien 
verscbwinden. 

Icb babe an einigen Eisen- und Zinklinien diese 
Resultate der Tbeorie gepriift und, wie icb glaube, 
bestatigt gef unden 2). Da indessen die gefundene 
DissjTnmetrie ausserordentlieb gei'ing ist, so scbien 
es mir erwunscbt die Untersuchmig fortzusetzen 
und noeb weiter die Realitat einer Erscbeinung 
zu bestatigen, welche zu den Tbeorien von Loeentz 
und von Voigt in einem besonderen Verbaltnisse 
stebt *). 


Voigt. Ueber eine Dissymetrie der JZEEMAN’sehen nor- 
malen Triplets. Drude’s Aimalen. 1. p. 376. 1900. 

In Voigt 1. c. p. 386. und Proc. Kon. Ak. v. Wet. Amster- 
dam 30 Dee. 1899. 

Voigt 1. c. p. 384. Lorentz. Pbysik. Zeitsehr. I, p. 39. 
Eapport intern. Congrls Paris, p. 33. 1900. 
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Dissymmetrien in demselben Sinne sind auch 
von Reese gelegentlidi einer nicht absichtlidi 
darauf geriehleten Uutersueliung beobachtet 
worden. 

Raeh Abfassiing meiner obengenannten Arbeit 
babe ieb nocb viele Messnngen an Negative ange- 
stellt, worauf sicb Triplets vorfanden und im 
Allgemeinen die friiberen Resnltate bestatigt ge- 
fmiden. Die Negative wni'den mit einem 
BowLAiro’scben Gitter aufgenonmien welebes nacb 
dem RowLAim’schen Plane aufgestellt war. Der 
Pnnken dessen Spectrum erzeugt wurde, sprang in 
einem mogliebst bomogenen Pelde iiber, und es 
wurden dann Negative bei einigen wenigen Peld- 
starken aufgenonunen. Es liegt aber gerade darin 
ein Nacbteil der befolgten Metbode. Es kommen 
namlicb auf einer Platte immer nur sebr wenige 
Triplets vor, die ehen zerlegt sind, wobei also die 
Dissymmetrie am ersten zu erwarten ist ; die breite- 
ren Linien sind nocb nicbt, die feineren scbon zu 
weit getrennt. 

Es scbeint fiir unseren Zweck daber besser eine 
ausgedebnte Licbtquelle zu benutzen, welcbe in 
ibren verscbiedenen Teilen verscbieden starken 
magnetiscben Kraften ausgesetzt ist. 

Man kann dann das Spectrum der verscbiedenen 
Teile der Quelle untersucben indem man ein BUd 
derselben auf dem Spalt des Spectral-apparates 


1) Eeese. Astrophysical Journal VoL 12. p. 134. 1900. 
VI 
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entwirft. Als solelier ist aber Rowland's Apparat 
naeli dessen Plane anfgestellt das nngeeigneteste 
Instrument, welches man wahlen kann, da es die 
in einigen Hinsichten gerade so vorteilhafte Eigen- 
schaft besitzt das von einem Pmikte des Spaltes 
ausgehende Licht zu einer Linie auszudehnen. 
Wegen dieses Astigmatismus mischt es aber die 
Spectra der versehiedenen Stellen der Quelle wieder 
durcheinander. 

2. Rotge und Paschen ^ ) haben darauf auf- 
merksam gemaeht, dass wenn parallelles Licht auf 
das Concavgitter faUt, und sieh also der Spalt im 
Brennpunkt einer Linse befindet, man die Disper- 
sion etwa auf die Halfte reduciid aber eine ver- 
vierfachte Helligkeit bekommt und zugleich den 
Yorteil hat, dass in der Nahe des Brennpunktes 
das Bild des Spaltes, wie die Grittertheorie zeigt, 
stigmatisch ist. 

Nach Rowland ist der Radiusveetor der 
Eocalkurve 


/JS 

Jt (cos fi -1- cos y) — p cos® y ^ 

falls der Ursprung in der Mitte des (litters gewahlt 
wird. Es bedeuten in dieser Formul, p. der 'Winkel 
zwischen r und dem Kriimmungsradius p des 


Runge mid Paschen. TJeber die Serienspeetra der Ele- 
mente Saaerstoff, gehwefel xmd Selen. Wied. Aim. Bd. 61 
p. 641. 1897. 

®) RomAND. Phil. Mag. Vol. 16. p. 197. 1883. 
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G-itters; R und 7 sind die Coordinaten der Licht- 
quelle. 

Bei der Anordnuiig von Ruxge und Paschek' 
ist R==<x, also 

r = (2) 

COS ^ cos y 


Die Halblange c des astigmatischen Bildes ist 


c — 


2 3 



r (cos y + cos 
P 



(3) 


woselbst z die halbe Sehne ist eines Durcbscbnittes 
des Gitters mit einer Ebene, welcbe durch den 
Ejiimnaungsmittelpunkt, die Mitte des Gitters und 
parallel den Eurehen gelegt ist. 

Es wird (3) fiir B — oo 


C = — 2 -j- 2 


V' 


r (cos -h cos y) 


Oder nach (2) 


C= — 0 


2 cos A& 


(4) 

(5) 


c kann also Null werden und zwar fiir p, = 0, 
d. b. falls man in der Normale des Gitters be- 
obaehtet. 

3. Ein grosses Rowland ’sches Gitter von 15 cm. 
Durchmesser und etwa 6.5 M. Radius babe icb in 
der angegebenen Weise aufgesteUt. Das einfallen- 
de Licbtbiindel war dadurcb parallel gemacbt, dass 


Mitcheixi. Johns Hopkins Un. Circulars. Nr. 135. 
p. 57. 1898. 
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del* Sj)alt im Breniiiiuiikte eines Hohlspiegels ange- 
bracht \vurde^), wodiirch die ehromatisclie Aber- 
ration imd die Absorption beseitigt wird. Als Hobl- 
spiegel diente ein Teleskopspiegel von 15 cm. 
Oeffnmig und 2.20 M. Radius. Man muss dafiir 
Sorge tragen, dass das Licbt nioglichst normal den 
Spiegel trifft sodass das vom Spiegel reflectirte 
Liebt genau parallel vdrd. Abweicbungen von der 
Parallellitat macben sieb gleicb ui einer Yersehie- 
denbeit des Focus fiir horizontale und veidicale 
Linien bemerkbar. 

Es ist ein Kacbteil dieser Anordnung, dass G-itter 
und Camera nicbt mebr f est verbunden sein konnen. 
Man muss fiir jeden Teil des Speetrums die ricbtige 
Position der Camera von Neuem aufsueben. 

4. Sebr interessant ist es niit der besebriebenen 
Aufstellung eine z-vNiseben den Magnetpolen befind- 
liebe und sicb ausserbalb des Zwisebenraumes fort- 
setzende Natriumflamme zu beobaebten. 

Sebr geeignet dazu ist die Gas-sauerstoffflamme, 
welcbe bei sebr geringen Querdimensionen eine 
grosse Lange imd doeb grosse Stabilitat baben kann 
und 'worin man die Quantitat des Natriums leicbt 
durcb Einfiibrung eines gliibenden Glasstabs 
regulirt. In verscbiedener Hobe des Gesicbtsfeldes 
siebt man die verscbiedenen Pbasen des Pbanomens 
bei Anderung der Feldstarke. Naeb Beseitigung 
der mittleren Linien des Quadruplets der Linie 


1) Pasohen. Wied. Ann. Bd. 48. p. 272. (1893). 
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J?! clureli eineii Kieol kann man die Intensitat der 
ausseren Linien vergleielien. leh liabe bisweilen 
geglaiibt einen Untersebied der Oomponeiiten m der 
von der Tbeorie geforderten Ricbtung direct be- 
obaebten zu komien. Es ist nun aber allbekannt 
wie leiebt man bei abnlicben Beobaebtungen Selbst- 
taiisebmigen ausgesetzt ist. Icb batte noeb keine 
G-elegenbeit Negative der Z>-Linien unter den be- 
sebriebenen Umstande anzufertigen. 

5. Ausser Flammen eignen sicb aucb Metall- 
dampfe in G-EissLEK’seben Rbbren vorziiglicb zu 
unserem Zweck. Icb babe Yersucbe mit evacuirten 
Rbbren angestellt, worin sicb ein Tropfen Queck- 
silber bef and und deren Kapillare etwa 8 cm. Lange 
batte. Bei Erbitzimg mit einer kleinen Elamme 
geben diese Rbbren sebr bcbtstarke Spectra, die 
bauptsacblicb aus einer blauen, einer griinen und 
zwei gelben Linien besteben. 

Die blaue Lmie (4359 A. E.) babe icb sebr leiebt 
Ijbotograpbiren kbimen. Leider aber findet die 
YoiGT’sebe Tbeorie darauf keine Anwendung weil 
die Lioie in sebr complicirter Weise durcb das 
Magnetfeld beeinflusst wird^). 

6. Yersucbe mit Cadmiumrbbren siod im G-ange. 
Sebr lange Funken zwiseben Cadmium und Zink- 
electroden konnte icb niebt erbalten obne zu 
gleicber Zeit die Querdimensionen grbsser als die 
Ausdebnung meines Magnetfeldes zu macben, wo- 


Etinqe ti. Paschen. Physik. Zeitschr. 1. p. 480. 1900. 
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durch die gewimschte Honiogenitat des Feldes in 
einer bestimmten Eiehtimg storend wird. 

Wolil aber gelingt es die Fmikenlange hinreichend 
gross zu wablen uin versehiedene Treunmig der 
Coniponenten beobachten zu koimen. 

Xach Beseitigimg der mittleren Componente 
durch einen Xicol gelingt es dami bei den blauen 
und griinen Zink- mid Cadniiuni-Linien, die ich in 
einer Note zu meiner vorigen ^litteilung nannte ^), 
direct eine Dissynunetrie der Intensitat zu be- 
obachten. Bine Ausmessung der Negative muss 
noch stattfinden. 


Diese Abhandlung ist ein Neudmck aus: Ai’ehives Neerlan- 
daises des sciences exact es et natnrelles (2), 5 (1900) (Livre 
jnb. d4d. k H. A. Lorejstz) pp. 237 — ^241. 


Proc. Kon. Ak. v. Wet. Amsterdam, p. 301. 1899/1900; 
Abbandlung V dieser Sammlung, S. 127. 
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vn. SOME OBSERVATIONS ON THE 
RESOLVING POWER OF THE MICHEL- 
SON ECHELON SPECTROSCOPE 

O N a recent occasion i) I have given a few 
observations on this subject. The acquiring 
of some new data induces me to return to it in 
this place. 

In his “Investigations in optics” Lord Ray- 
leigh 2) expressed the wish that spectroscopists in 
possession of powerful instrmnents would compare 
the actual resolving power with that of which they 
are theoretically capable and remarked that a care- 
fully arranged succession of tests of gradually in- 
creasmg difficulty would be of especial value. 

I remembered these remarks as I tested the very 
original echelon, invented by Michelsoh. 

The echelon at my disposition, made by Hilger, 
London, consists of thirty plates each about 7,8 m.m. 
thick, made of light flint-glas, set with 1 m.m. steps. 
A clear aperture of 1 m.m. is left beyond the width 
of the largest glassplate. The number of apertures 
n, operative in the formation of the spectrum is 
hereby one more than the number of plates. The 
momitittg was somewhat improvised. Telescope and 
collimator belonging to a Kirohhoff spectroscope 

Bosscha. Collection of Memoirs. Archiv. N4erl. s§r. 11. 
T. 6, p. 319. 1901. 

*) Phil. Mag. 1879, 1880. 
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were employed. The telescopes had object-glasses of 
50 cm. focus and 38 m.m. aperture. It is evident 
that in order to get greater intensity, glasses of 
shorter focus would have been preferable. 

Denoting by dlx the difference of wave-length of 
spectral lines when they are just distinguishable as 
separate in the spectroscope, by t the thickness of 
the plates of glass, and by )! the above mentioned 
number, then we know 


if 



>. 

lent 


k = 1 ) — 


A 


dfi. 

dx ' 


( 1 ) 


The resolving power is given by 

A knt 




d>.. 


f2) 


For the green line X = 5460 A. U. we obtain in 
the case of our echelon r — 5 ’ 400 ^ 1 ^-f = 280000 and 


3,6. 10-6 

A 


In the calculation of fc I used the following values 
of the refractive indices given to me by Hilgee 

/ic= 1-5713 
/ctx) = 1.5763 
fip = 1.5853 
ft'a = 1.5936 

Henceforth I will denote by qt the theoretical 

VII 
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value of the limit of i*esolution calculated according 
to (1), by Qe the experimental value. By means of 
a HoFFiiAxx direct vision spectroscope the light of 
the vacumn tubes (driven by a Ritemeioeff) under- 
goes the necessary preliminary analysis. In some 
eases absording media were therefore sufficient. In 
some experiments the merciuy arc-lamp of Fabry 
and Perot was used. * 

2. The very intense green (5460) line of 
mercury was investigated first. Using the echelon 
in a position in which two strong lines of equal in- 
tensity corresponding to successive orders of the 
radiation were visible, I could distinguish also 5 
faint, very narrow lines between the principal ones. 
The distance between two pairs of these lines was 
very small. 

As I could not find a table of the wave-lengths 
of these feeble radiations, I addressed myself to 
Messrs Fabry and Perot. I am very much obliged 



to Messrs Perot and Fabry for their kindness to 
investigate for me anew the green radiation of the 
mercury arc in vacuo, 
vn 



139 


The foUovriiig scheme represents the constitution 
of this reiy complex radiation according to their 
observations. The ordinates are approximately 
proportional to the intensities. 

The given numbers are only approximate, espe- 
cially ( — 14) and ( — 9,5). 

The radiation (-|- 1,5) was observed by Fabry 
and Perot only in the radiation of a 3kIiCHELSo:x 
tube; it is too approximate to the principal radia- 
tion to be seen separately in the arc light. In the 
photographical reproduction in the Astrophysieal 
Journal i) of the interference fringes of the green 
mereiuy line the radiation ( — 41) coincides 'with 
the radiation (+ 15) and is therefore invisible. 

I could distinguish very clearly the radiations 
( — 9,5) and ( — 14) as separate lines. For these 

radiations g; = •^= 4,5.10^ or r = 222000 and 

hence rather smaller; calculation gave qi = 
3,6. 10-«. 

Using the green hne of thallium ’) I extremely 
easily distinguished the faint radiation at a distance 

— = 21.10~® from the principal radiation, but I 

A 

could not see as a separate line the one determined 
by-^ =3.10-6. 

A 


Fabry and Perot. Astrophysieal Journal. Vol. 13. 
p. 272. 1901. 

®) Fabry et Perot. Ann. de Chim. et de Phj'^s. (7) 16. 
p. 134. 1899. 


vn 
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Hence gie exceeds 3.10~® but is smaller than 

21 . 10 ^. 

Indeed for the thaUiuni radiation (5440) 




5440.10-’ 

0,63.31.7,8 


3,6.10-6. 


For the green (5086) line of cadmium it was just 
possible to see that this line is a double one. The 
distance of the components is according to Fabet 

and Perot — = 5.10-«. ') For X = 5086 I calcu- 

A 

late qt== 3,2.10—®. Hence with the mentioned eche- 
lon it is possible to almost reach the limit of the 
theoretical resolving power. 


3. Perhaps the best series of tests of gradually 
increasing difficulty can be obtained by observation 
of the change of spectral lines in magnetic fields 
of gradually increasing intensities, a nicol between 
source and apparatus being used in order to reduce 
the complexity of the radiation. In this manner all 
values between e.g. 0.001 A. XT. to about 1 A. TJ. 
can be obtained. Corresponding herewith are the 
values qt — 0,2.10-® and r = 5 000 000 resp. qt == 
200.10—® and r = 5000. The performances of eche- 
lons and interferometers and of ordinary spectro- 
scopes with a few glass prisms lie between the limits 
indicated. This test I have not yet applied syste- 
matically to the mentioned echelon. 


1. c. p. 137. 
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In order however to show its fitness I will use 
some observations of Lord Bltthswood and Dr. 
IVIaechajst ^). Li their § 6‘ „Itesults obtained of 
the Zeemax Effect on the Chief Lines of the 
Mercury Spectrum'’ p. 397 these authors commun- 
icate obseiwations vith an echelon spectroscope 
concerning the difference in wave-length between 
the components of the outer components of the 
sextet of the blue (4358) line of mercury. The fol- 
lowing table is an extract (d/g in A. XT.). 


H 

V 

CO 

5.000 


12.100 


12.900 

0.062 

20.000 

0.098 ? 

21.300 

0.09 

23.400 

0.098 


For a value of the field between 12.100 and 12.900 
the splitting up of the lines becomes sufficient to 
make them appear as separate lines on a photograph 
(upon which the measurements were taken). Two 
lines can of course be seen separated at a conside- 
rably smaller distance. 

Thus now =11,9.10^ and consider- 

ably smaller. For the echelons of these observers 
we have t = n = 15. 

With these data I calculate qt = 5,3. 10“®. 


Phil. Mag. Vol. 49. p. 384. 1900. 
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Thus it ax^pears from the data given in this paper 
that it is possible to manufacture echelons, perfor- 
ming nearly as well as the}’ are theoretically 
capable. 


TMs paper was first published in: Zittingsverslagen der 
Kon. Akademie van AYetensehappen te Amsterdam, November 
30tl»' 1901, Vol. X, pp. 298 — 302. A translation, which has been 
reprinted here, appeared in: Proceedings Eoyal Academy of 
Sciences at Amsterdam, Vol. IV, pp. 247 — 251. 
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VIII. OBSERVATIONS ON THE MAG- 
NETIC ROTATION OP THE PLANE OP 
POLARISATION IN THE INTERIOR OP 
AN ABSORPTION BAND 

T he difficulties of a complete theory of emis- 
sion are partly avoided in a treatment beginning 
with the absorption, and this may have been the 
reason why Yoigt has followed this procedure, 
though it must be granted that in his method an 
explanation of the mechanism of the phenomena 
as in Lorentz’s theoiy cannot be given 2). In 
Voigt’s theory the separation of a spectral line by 
the action of a magnetic field is fouijd as the 
separation of an absorption line. 

Some particulars in this separation were anti- 
cipated by this theory and confirmed by experi- 
ment ^). 

The long known phenomenon of the rotation of 
the plane of polarisation and the magnetic separa- 


Voigt. Wied. Ann. 67, p. 345, 1899. 

*) For a comparison of t£e advantages of the theories of 
Loeentz and of Voigt, see Lokentz. Rapports, eongr^, 
Paris T. III. p. 16, 33, 1900 and Phys. Zeitsehr. 1 p. 39, 1899. 
cf. also Planck. Sitz.ber. Ak. Berlin, p. 470, 1902. 

*) Voigt. Drude’s Ann. 1, p. 376, 1900. 

*) Zeeman. VersL Akad. Amsterdam, Dee. 1899 and Archiv. 
NferL (2), 5, p. 237; e.t this collection papers V and VI. 
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tion of the spectral lines were closely coimected i). 

One result, however, of Yoigt’s theory relating 
to the rotation of the plane of polarisation in the 
interior of an absorption band seemed to be in 
contradiction with the results of Coebino or at 
least were not confirmed by the experiments of 
ScHMAUss ^). The theory of Voigt requires a 
negative rotation of the plane of polarisation 
in the interior of an absorption band; Cokbesto, 
however,, only succeeded in observing a very small 
positive rotation. 

It would be very remarkable, however, if there 
existed a disagreement between theory and obser- 
vation in this special field so closely connected with 
other well understood phenomena, 

I have been experimenting for some time on this 
subject. In performing these experiments I have 
been aided in an excellent manner by Mr. Hallo. 

I have succeeded in observing a negative rotation 
in the interior of an absorption band, the results 
of my observations being in perfect qualitative 
agreement with Voigt’s theory. 

2, The method used in the following observa- 
tions on the rotation in sodium vapour is in principle 


ef. also LAjRMOB. Aether and Matter, p. 203. 

*) Voigt. Ann. der Physik. (4), 6, p. 784, 1901. 

’) CoEBiNO. Atti E. Aec. dei Lineei. Vol. 10 p. 137, 1901, 
Nnovo cimento Febbraio 1902. 

*) SoHJiAUSS. Ann. d. Phys. 2 p. 280, 1900. 

®j The noiagnetic rotation, in the vicinity of the band is 
positive in sodium vapour. 
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the same as that ■which has been used by Voigt 
in his demonstration of the double refraction of 
sodium Tapour placed in a magnetic field. Already 
Hussel 2) used it in a determination of the natm*al 
rotation of the plane of ix)larisation in quartz, and 
also CoEBiNO in his first experiments on sodium. 

By means of a system of quartz prisms (as has 
been used by Fresnel in his experiment on the 
division of a plane-polarised ray into two circularly 
polarised rays) a number of horizontal interference 
fringes are formed in a spectrum. The light travers- 
es the prism in the direction of the axis, and the 
edges are horizontal and perpendicular to the slit 
of the spectroscope. The prism system (length 
50 mm.) was placed in my experiments as near as 
possible before the slit of the spectral apparatus and 
a small nicol, used as analysator, behind the slit. 
The polarising nicol was placed, of course, before 
the electro-magnet (of the Riiemkokpf type). The 
spectroscope was a Rowland grating, for which 
I am indebted to the kindness of the Directors of 
the Dutch Society of Sciences at Harlem. It has a 
radius of 6.5 M., 10.000 lines to the inch and a 
divided surface of nearly 14 cm. 

The grating was mounted for parallel light in the 
manner indicated by Runge and Paschen ^). The 


M Voigt. Wied. Ann. 67, p. 360, 1899. 

Hussel. Wied. Ann. 43, p. 498, 1891. 

Kayse®. Handbueh. Bd. 1, p. 482. 

vm 
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source of light was in most eases the electric arc, 
in some the sun. 

Using this arrangement of the exj)eriment we can 
deduce immediately from the deformation of the 
interference fringes in the neighbourhood of the 
absorption bands, when the sodium vapour is under 
the action of the magnetic field, the value of the 
rotation of the plane of polarisation for different 
wave-lengths. Fig. 1 of Plate I gives an idea 
of the aspect of the fringes in absence of the field 
in the neighbourhood of the sodium lines, consi- 
derable sodium being present in the flame between 
the poles. The observations were made in the 
second order. 

3. In the experiment first to be described, the 
distance between the perforated poles was about 
4 m.m. and the intensity of the field about 
15.000 e. g. s. units. In this field was placed a gas 
flame fed with oxygen, and a small quantity of 
sodium was introduced in it by means of a glass rod. 
After removal of the polarisator and of the Fhesnel 
prism the two doublets, in which the sodium lines 
are separated, in the inverse magnetic spectral 
effect were observed. Between the components of 
the doublet were seen the very narrow reversed 
sodiumlines due to the are light itself. 

The polariser and the prism were now intro- 
duced in their proper places. The field of view 
was then crossed by the above mentioned (2) dark, 
nearly horizontal interference fringes, 
vin 
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I now wished to ascertaia the deformation of the 
fringes by increasing continuously the quantity of 
sodium vapour, the field remaining constant. This 
method must be preferred for obvious reasons to 
the other which might have been followed also, viz., 
the examination of a flame with constant percentage 
of sodium under varying magnetic intensities. 

The following observations refer to : 

If the quantity of sodium in the magnetic field 
was only extremely small, the interference fringe 
exhibited at the place of the reversed sodium line 
a protuberance — let us say downward — the lines 
of the doublet being somewhat stronger just above 
the interference fringe. In Fig. 1 this behaviour 
is represented sehematically. 



Fig. 1. Fig. 2. Fig. 3. 

Increasing now the quantity of sodium (always 
remaining very small, however, absolutely) the inter- 
ference fringes moved upward along the compo- 
nents of the doublet, whereas the part of the fringe 
between the components seemed no longer connected 

vin 
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to the exterior fringes and assumed the shape 
figured schematically in Fig- 2. 

Increasing still further the density of the vapour 
the interior part of the fringe slid downward with 
increasing velocity and then resembled an arrow 
with point directed upward, the parts more removed 
from the medium line fading away and disap- 
pearing (see the schematic Fig. 3). At last the arrow 
entirely disappeared by the increase of the density 
of the vapour. It then became impossible to 
distinguish the fringes or any trace of structure 
in the field between the components. Considerable 
light was transmitted. The entire width of the 
components of the doublet was now about of the 
same order as the distance of their central lines. 

A further increase of the quantity of sodium 
obsciu'ed the central part more and more (see 
below (8) ). 

The exterior fringes moved continuously upward 
while the density was being increased. 

In a field of about 20000 units the downward 
displacement could be followed over a distance of 
more than the double of the distance between two 
fringes, corresponding to a negative rotation of 
over 2 X 180°, say 400°. The distance between the 
poles was 4 mM. 

Some more accurate data will be given on another 
occasion. 

In the ease of the phenomena were in the main 
of the same character. 


vm 
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For it was, however, characteristic that the 
stage of the nearly or entirely vanishing of the 
interior fringes was reached with smaller field, 
whereas also the shape of the interior fringe dif- 
fered from the one observed in the case of D^. Hence 
there exists also in this case a difference between 
and Z> 2 , a difference already known to exist m 
the phenomena of reversal, of the separation by a 
magnetic field, and of the rotation of the plane of 
polarisation in the vicinity of the absorptioii band. 

4. It appeared possible to keep each of the stages 
described in (3) stationary during a considerable 
time. Excellent photographs could be secured with 
plates which were sensitised for yellow light with 
eiythrosine silver. Instead of the gasflame fed 
with oxygen it was easier, in the case of gi'catei* 
distances between the poles, to use a BriirsEN burner 
wherein common salt was introduced. 

5. If the density of the vapour was maintained 
as constant as possible and if it and the field- 
intensity corresponded to the circumstances repre- 
sented in Fig. 3 (3) then an increase of the field 
gave a motion of the arrow (Fig. 3) (3) upwards, 
corresponding to a decrease of the negative rotation 
and reciprocally. It was possible to obseiwe by eye 
observation very clearly this decrease when the field 
was changed e. g. from 18000 to 25000. If the cir- 
cumstances were more in accordance with Fig. 2 (3) 
then the same change of field produced a change 
only just perceptible of the negative rotation but 

viir 
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in the same sense as mentioned in the ease of Fig. 3. 

An eiilarged reproduction of one of the photo- 
graphs is shown in Fig. 2 of Plate I. The distance 
between the poles in this experiment was 6,3 mM., 
the field intensity about 14000 ^). The negative 
rotation in the ease of Pi is somewhat less than 90°. 
In the ease of only some traces of the interior 
fringes can yet be seen (3). The negative rota- 
tion is about 180°. In the photograph are seen 
also the reversed very narrow Pi-line and the 
broader D2-^3io, which are due to the arc itself and 
have nothing to do with our subject. 

6. The observations (3, 4, 5) agree qualitatively 
in an excellent manner with the conclusions from 
Voigt's theory. According to it, the negative 
rotation must be of the same order of magnitude 
as the positive one. This last was known from 
Maoaltjso's and CoRBisro’s experiments to be very 
great. The enormous value and the sign of the 
negative rotation given in (3) may thus be regarded 
as a beautiful confirmation of the theory. 

This is equally the ease with the direction (5) 
of the change of the negative rotation with increa- 
sing field. In order to see this we must know the 

cR 

value of the quantity occuring in the theory P = — 
(P = fieldintensity, c and 5 parameters of the 

The intensities of the field were measured by means 
of a bismuth spiral in. the centre of the field. Probably the 
values given are somewhat too high. Measurements of the 
magnetic change of the spectral lines give lower values. 

vm 




151 


absorptionbaud), for which the comparison must 
take place. It was possible to assign a value to P 
by comparison of the phenomenon with Voigt’s 
figure 1 ^). This figure gives nyji angle of rota- 
tion, n a mean value of the index of refraction) as 
function of a certain variable a, whereas our phen- 
omenon is a represention of xo a fmiction of 1. 
Reducing the abscissa of the mentioned Rig. 1 to 
^/ 35 > ’^6 obtain diagrams resembling in the main 
features Fig. 2 of Plate I. To the greater observed 
negative rotation (3) correspond values of P, which 
can be estimated at 5 or 8. The smallest easily 
observed rotations in the strong used field are pro- 
bably in the vicinity of the critical value P = 1.73. 

7. - The slope of the exterior interference fringes 
is greater towards the side of the greater wave- 
lengths than towards the violet, at least so far as 
the rotation due to one band does not influence 
visibly the rotation due to the other. At the same 
distances, if not very small, of each of the two D 
lines the rotation at the side of the violet is greatest. 
The interior fringes also show a slight asymmetry, 
so, e. g. the point of the arrow in Pig. 3 (3) ought 
to be asymmetrical. The part at the side of the 
violet is predominating. 

It is clear that these phenomena depend upon 
an asymmetry of the dispersion curve. 

8. With very dense sodium vapour, hence under 
circumstances which are beyond the last stage of (3) , 

Aimalen der Physik 6, p. 789, 1901. 
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I observed phenomena very probably identical mth 
those obseiTed by Coebixo. In my first experi- 
ments with those dense vapours I thought it abso- 
lutely necessary for securing sufficient intensity 
to mden the slit beyond the width used in the 
experiments already given. I now see, however, that 
this is unnecessary. 

Using these very dense vapom’s one sees in the 
absorption band a horizontal part of an interference 
fringe, which seems to have undergone a very small 
displacement upwards by the action of the field. 
These horizontal parts are more ill-defined and 
broader and the whole phenomenon in the bands is 
darker than imder the circumstances described in 
(3), (d), (5). 

Figs. 3 and 4 of Plate I will give a cleai*er 
impression of the change in the phenomenon than 
a long deseriiition. 

Figs. 3 and 4 of Plate I will give a clearer 
much sodium. I have made some measurements, 
according to a method not to be given here, con- 
cerning the displacement of the central (in horizon- 
tal and vertical direction) part of the interference 
fringe, and I have found a displacement, which 
would correspond to a positive rotation of about 8° 
with both P-lines. Fig. 4 was taken with a field 
of 10700 and much sodium. The exterior inter- 
ference fringes are very clear and much deformed ; 
the rotation in the parts adjacent to the absorp- 
tion band exceeds 180®. The interior interference 
vin 
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fringes are very mclistiiict. Their appearance 
would suggest that in the case of in Fig. 4 the 
stage geached for D.^ in Fig, 2 has been scarcely 
surpassed. 

This, however, cannot be the case because there 
was too much sodium in the flame. A comparison 
with Fig. 2 ^vill show that the lines are much broader 
in Fig. 4. Measurements taken on other negatives 
gave me for fields of 11000, displacements of about 
^/i6 of distance between two fringes, coiTe- 
sponding to a positive rotation of 11°. Hence the 
displacements in these cases are precisely of the 
same order of magnitude as in Corbino’s experi- 
ments. The paleness of the boarders of the band 
is easily accounted for by the remark that there the 
intensity of one of the circularly polarised rays 
largely exceeds the other. 

I do not believe that these facts are in contradic- 
tion with theory. It is true that it requires for 
very high values of F a value zero for (%xo)i* If 
we must take as the locus of the fringe the mean 
vertical height, then really the rotation would be 
positive. It seems possible that vrith those broad 
fringes the case is different. It is also possible that 
the circumstances, assumed in the theory are not 
wholly realised in the experiments with dense 
vapours. I am making some new experiments on 
this subject and therefore shall not discuss fuither 
the different possibilities. 


vni 
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EXPLANATION OF PLATE L 

Tlie Plate gives about sixfold enlargements of tbe 

photographs. 

Pig. 1. Interference fringes and absorption lines in absence 
of the field and with considerable sodium. (2) 

Fig. 2. Same lines. Field intensity about 14000, little 

sodium (3) (5). 

Pig. 3. Same lines. Field intensity about 4500, much 

sodium (8). 

Pig. 4. Same lines. Field intensity about 10700, much 

sodium (8). 


This paper was first published in: Zittingsverslagen der 
Kon. Akademie van Wetenschappen te Amsterdam, May 31 th 
1902, VoL XI, pp. 6 — 11. A translation, which has been reprint- 
ed here, appeared in : Proceedings Koyal Academy of Sciences 
at Amsterdam, Vol. V. pp. 41 — 47 and The Astrophysical 
Journal XVI (1902) pp. 106—113. It has been published also: 
u^chives Neerlandaises (2), 7, 1902, pp. 465 — 472. 
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IX. ON THE DOUBLE REFRACTION IN 
A MAGNETIC FIELD NEAR THE COM- 
PONENTS OF A QUADRUPLET 

O N a former occasion the results were commu- 
nicated to the Academy, of an investigation on 
the magnetic rotation of the plane of polarization 
in sodium vapour, in the immediate neighbourhood 
of the absorption lines ^). 

In the case of very thin vapours this rotation 
appeared to be positive outside the components of 
the doublet, in which the original spectral line is 
resolved by the influence of the magnetic forces; 
between the components, however, it becomes nega- 
tive and very large. In these experiments the light 
of course passed through the vapour in the direction 
of the lines of force. 

In the same way, if the light is transmitted 
through sodium vapour in a direction normal to 
the lines of force, we may expect from the exami- 
nation of the immediate neighbourhood of the com- 
ponents, in which the spectral line is split up by 
the magnetic forces, results which are of theoretical 
importance, 

Zeeman. Proc. Boy. Acad. Amsterdam Vol. V p. 41, 1902 
(this collection paper VIII); cf. also HALiiO Dissertatie. Am- 
sterdam, 1902. 
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Voigt lias deduced from his theory of magneto- 
optical phenomena the existence of a double refrac- 
tion, which must be produced in isotropic media, 
as soon as they are placed in a magnetic field, but 
which should only be observable in the neigh- 
bourhood of an absorption line ^). Voigt, together 
vith WiEGHERT, has observed, that plane polarised 
hght of a period near that of the lines and D2, 
is no longer plane polarised but has become ellip- 
tically polarised when it has traversed the flame, 
there being generated a difference of phase between 
the components vibrating parallel and those 
vibrating perpendicularly to the field. 

This elliptical polarisation was demonstrated by 
the above mentioned physicists with the aid of a 
Babinet compensator, using a flame mth much 
sodium and a small RowIjAND grating. 

The object of our investigation of the magnetic 
double refraction was to examine the phenomena, 
which show themselves, if, beginning with very 
small vapour densities, the quantity of sodium is 
gradually increased. The present communication 
deals only with the line Dj in the case of very small 
densities. This line is resolved into a quadruplet 
by the action of the magnetic field. 

The grating employed for this investigation and 
its mounting for parallel light (which was neces- 


Voigt. Gfottinger Naehrichten. Heft 4. 1898; Wiede- 
mann’s Annalen. Bd. 67. p. 359, 1899. 
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saiy also now) have been described already more 
than once 

The' light from an arc-lamp or from the sun 
passed successively through a Nicol’s prism, whose 
plane of vibration was inclined at an angle of 45° 
to the horizon, the magnetic field with its lines of 
force normal to the beam, a second nicol at right 
angles to the first. Between the nicols the Basinet 
compensator was placed, the edges of the two prisms 
being horizontal. An image of the compensator 
was formed on the slit of the spectral apparatus; 
in the middle of this image the central dark inter- 
ference fringe, surrounded by the coloured ones, 
was seen. In the spectrum a pair of dark inter- 
ference fringes are observed and with the field off, 
only the fine absorption lines of the vapour are 
seen. Generally the reversed sodiumline is observed 
already in the spectrum of the arc-light itself and 
then the presence of sodium vapour between the 
poles makes of course no difference at all. In order 
to obtain the degree of sharpness of the inter- 
ference fringes, necessary for this part of the in- 
vestigation, we tried several compensators. Suffi- 
cient results were obtained with a Babinet com- 
pensator of which the prisms had angles of about 
50', obtained from the firm Steeg & Reuter. 

The light passed the flame (a gas flame fed with 
oxygen) over a length of nearly 1% cm. If the 


Zeeman 1. e. and x\rch. N4erl. (2) 5, 237, 1900; c.f. this 
collection paper VI. 
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field had an intensity of about 23000 0. G. S. units, 
the quantity of sodium in the 
flame being very small, the image 
Ijll observed was very similar to that 

in I represented in Fig. 1. The latter 

M is constructed with the aid of 

. photographic negatives and of 
1J| eye observations. The whole 

.|jf phenomenon is of course very 

delicate as it only extends to 
the region of the magnetically 

^ - ~ “ "" broadened line; moreover it 

depends very much on the quan- 
tity of sodium present. We did not yet succeed in 
getting negatives, which showed the parts which are 
of very unequal intensity aU equally well. 

Already some time ago Prof. Voigt was so 
kind to inform one of us of the result, which 


according to this theory may be 
anticipated in the case of a 
quadruplet. 

This conclusion is easily arri- 
ved at, if the calculation be 
simplified by applying a certain 
approximation, the soundness of 
which Cannot be judged a priori, 
because constants appear whose 
numerical value is not yet known. 


TiT 
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Fig. 2. 


With this reversation the behaviour predicted 


by theory is represented in Fig. 2, The dotted 
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vertical lines are the four components of the 
quadruplet. 

In comparing the figures 1 and 2 one must take 
into consideration, that in Fig. 2 is represented 
the shape of the fringes, which arise from a single 
horizontal band. In Fig. 1 in the central part 
of the field also occur parts, originating from 
fringes lying above and under the middle. The 
vertical medium line of Fig. 1 corresponds to the 
almost ever present absorption line due to the arc 
light and is thus in no way connected with the 
phenomenon which occupies us. 

The agreement in the region between the two 
interior components of the quadruplet is undoubt- 
edly of great importance. The whole form of the 
double curved line may certainly be regarded as a 
confirmation of theory. How far the darker parts 
between the exterior components in the middle of 
Fig. 1 correspond to the U-shaped parts of Fig. 2 
is at present not yet to be decided. 


This paper, written in collaboration with Mr. J. Geest, was 
first published in: Zittingsverslagen der Kon. Akademie van 
Wetenschappen te Amsterdam, May 30th 1903, Vol. XII, 
pp. 23 — 25, A translation, which has been reprinted here, 
appeared in : Proceedings Koyal 'Academy of Sciences at Am- 
sterdam, Vol. VI pp, 19 — 21. 
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X. DOUBLE REFRACTION NEAR THE 
COMPONENTS OP ABSORPTION LINES 
MAGNETICALLY SPLIT INTO SEVERAL 
COMPONENTS 

I T has already appeared from experiments which I 
had the honour to conmmnieate to the Academy 
on a former occasion that the magneto-optic theoiy 
of Voigt ^), who established a simple and rational 
connexion between the magnetic splitting up of the 
spectral lines and dispersion, accounts extremely 
well for all the phenomena observed in the region 
of the absorption lines. 

If light traverses parallel to the lines of force 
very attenuated sodium vapour placed in the 
magnetic field, the plane of polarization is rotated 
in the positive direction for all periods Ijing outside 
the components of the doublet, but in the negative 
direction, and very strongly 2), for periods inter- 
mediate between those of the components. 

If light traverses the vapour normally to the field, 
there is double refraction as predicted by Voigt 
from theory. When placed in a magnetic field, all 
isotropic bodies should show double refraction, but 
to a measurable degree only in the neighbourhood 
of the absorption lines. Voigt in collaboration with 
WiECHERT experimentally verified this result, using 

Voigt, Wiedemann’s Annalen. Bd. 67, p. 359, 1899. 

®) Zeeman, Proe. Acad. Amsterdam, May 1902 (this collec- 
tion paper VIII), see also Hallo, Thesis for the doctorate, 
Amsterdam, 1902. 
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a small grating and a flame with relatively much 
sodium vapoui*. 

I have extended these results by working with 
sodium vapoui* so dilute that, in a strong magnetic 
field, there were seen the four absorption lines cor- 
responding to the components of the quartet into 
wMch the line 2?i is split by the magnetic field. The 
mode of dependency of double refraction on the 
period could, in this special ease with some reserve, 
be predicted from Voigt’s theory. Observations, 
in which Mr. Geest took paii, confirmed the theor- 
etical result. Mr. Geest has now extended these 
observations and ^vill give a more detailed exposi- 
tion of his results elsewhere I intend to give 
here a short explanation of them. 

The arrangement of the apparatus was for the 
most part the same as in our former experiments. 
Plane polaiized light, under azimuth 45° to the 
vertical, falls on a Babeset’s compensator with 
horizontal edges. The light then traverses a second 
nicol with its plane of polarization perpendicular 
to that of the first. An image of the system of 
parallel interference bands in the compensator, is 
thrown on the slit of the spectroscope. The light 
is then analysed by means of a large Rowland 
grating mounted for parallel light. The greater part 
of the experiments were made with a compensator 

1) Zeeman and Geest, Proc. Acad. Amsterdam, May 1903 
(this collection paper IX). 

*) Geest, Thesis for the doctorate, Amsterdam, 1904. 


X 



162 

of which the XJi'isms had angles of about 50', but 
for the study of some details compensators were 
used ^vith angles of 10' or of 3 In the spectroscope 
a few dark horizontal interference bands are 
observed as long as the magnetic field is off. The 
fine absorption lines of the vapour are then coinci- 
dent with the reversed sodium lines due to the are 
light. As soon as the field is on, the bands become 
distorted. Their vertical displacements are, with the 
method used, proportional to the difference of phase 
between vibrations respectively parallel and normal 
to the field. 

For the simplest ease of a line split by the field 
into a triplet, Yoigt deduced a formula giving the 
difference of phase as a function of the wave 
length 1). The sodium lines and i ?2 being split, 
however, by the magnetic field into a quartet and 
a sextet, it was, in order to compare theory with 
observation, necessary to deduce the formulae for 
these cases. Mr. Geest has made these calculations 
according to the method already indicated by 
Voigt on another occasion. According to his 
calculation, the difference of phase between vibra- 
tions normal and parallel to the field, the light 
having traversed a layer I of the absorbing vapour, 
is given by : 

\ 1 I 

F® ((4S2 — — 4S2_(Z2^2! * 


Voigt 1. e. 

*) Voigt Wied. Ann. Bd. 68 p. 352. 1899. 
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In tins formula T’ indicates the velocity of light 
in the aether, B the strength of the field, e, d, d' 
and c being constants characteristic of the medium. 
Moreover 2 iz^o = xo is the period of vibration and 
The formula given applies to the case of the 
sextet ; for the quartet, d' = o and for the triplet, 
moreover d = o. Fig. 1 — ^3 of Plate II give the 
graphical representation of a as a function of 5 for 
each of these thi'ee cases. 

The result of the obsei’vations is represented in 
Figs. 4 — 8 of Plate II. These drawings are made 
with the aid of photograirliic negatives. We have 
not yet succeeded in getting negatives that showed 
all details simultaneously and equally well. Hence 
ocular observations had to supply the imperfections 
of the photographic records. 

Figs. 1, 4, 5 refer to the triplet (type line in 
feeble fields) ; Figs. 2, 6, 7 to the quartet (type 
line Pi) ; Figs. 3, 8 to the sextet (type line Dz). 

When comparing the results of observation with 
theory, it should be taken into account that the 
theoretical curve indicates the distortion which one 
single interference band would undergo. With the 
method of observation used, the central part of the 
field of view contained also parts originating from 
bands lying higher and lower than the one consi- 
dered. The theoretical figure must therefore be 
completed with parts of theoretical curves lying 
above and below the one represented. 

We will first of all consider the quartet. We 
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indicate the bands by a, J), c, a being the superior 
one. and by 1, 2, 3, 4, we indicate the positions in 
the spectrum which would be occupied by the com- 
ponents. The double curved hue between 2 and 3 
shows entirely the same character in both figures. 
This sinuous line (Pigs. 6 and 7) thickens out at 
the extremities into more intense parts (where the 
double refraction is at a maximum or at a minimum) 
turning their concave side towards band &. These 
intense parts correspond to the loop of the theore- 
tical curve, the loop between 1 and 2 belonging to 
band c, and the one between 3 and 4 to band a. It 
was not to be expected that the two branches which 
asymptotically approach the components, would be 
seen separated from the loops. The distance is too 
small by far to allow that. The vertical central line 
in the figure is the reversed sodium line due to the 
arc. With increased vapour density the loops 
increase tiieir distance from their band. Pig. 7 
relates to this case, which is also in accordance with 
theory. As the vapour density increases, fewer 
details become visible, but we will not go further 
into this point now. 

The observations concerning the sextet are very 
difficult on account of the extremely small distance 
of the components. It is already difficult to observe 
the inverse sextet, and hence so much the more to 
observe phenomena occurring between its compo- 
nents. Only under very favourable circumstances 
could the phenomenon be observed as it is repre- 
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sentecl in Fig. 8. The other phenomena observed 
with X >2 are most readily interpreted by considering 
them as originatuig from a triplet and not from 
a sextet. 

It seems rather superfluous to give any further 
explanation of Figs. 8, 4, 5; in the case relating 
to Fig. 5, the vapour density is again greater than 
in Fig. 4. All the phenomena we have considered 
are qualitatively in excellent accordance with 
Voigt’s theory. 

The phenomena described for and Z >2 again 
demonstrate the existence of very characteristic 
differences between different spectral lines, differ- 
ences nos less striking here than in the case of the 
related phenomena of the magnetic separation of 
the spectral lines and of the rotation of the plane 
of polarization in the interior i) of, and close to, 
the absorption hne. It is certainly very interesting 
that the theory explains the entirely different 
behaviour of and the case now considered 

by differences between the velocities of propagation 
of vibrations normal and parallel to the field, 
assuming, of course, the magnetic division of the 
lines. 


1) Zrrman, Proc. Acad. Amsterdam May 1902 (this collec- 
tion paper VIII) ; see also the description of another phenom- 
enon in Voigt, Gottinger Nachrichten, Heft 5, 1902. 
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This paper, based on experiments by 3Ir. J. Geest, was first 
published in : Zittin"sverslagen der Kon. Akademie van Weten- 
schappen te Amsterdam, December 24^^^ 1904, Vol. XIII, pp. 516 
— 520. A translation, which has been reprinted here, appeared 
in: Proceedings Eoyal Academy of Sciences at Amsterdam, 
VoL YII pp. 435—438. 
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XI. SOLAR MAGNETIC FIELDS AND 
SPECTRUM ANALYSIS 

P ROF. George E. Hale, of Mount Wilson Solar 
ObserTatory, with great kindness has sent me 
a letter of date July 6, together with a copy of a 
manuscript destined for publication in i^ATURE, on 
“Solar Tortices and the Zeeman Effect.” Prof. 
Hale’s paper is accompanied by two photographs 
on glass of the double lines hi the spot spectrum 
between two comparison spectra of penumbra and 
photosphere of the region X 6250 — X 6360. The posi- 
tion of the nicol in the arrangement used was 
changed 45° between the first and the second of 
these photographs. 

Prof. Hale asks me to examine the photographs 
of spectra, and to send a note to Hattjee express- 
ing my opinion as to the interpretation of the 
residts. I can say at once that I hare come to the 
conclusion that Prof. Hale has given what appears 
to be decisive evidence that sun-spots are strong 
magnetic fields, the direction of these fields being 
mainly perpendicular to the sun’s surface. Light 
received from a spot at the centre of the sun would 
in this case be parallel to the lines of force. 

A source of light in the laboratory, and placed 
in a uniform magnetic field, emits, in the most 
simple case covered by the elementary Loeeittz 
theory , parallel to the lines of force, two rays cir- 
cularly polarised in opposite directions. Each 
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spectral line is split up into a doublet of two cir- 
cularly polarised lines, the one polarised clockwise, 
the other anti-cloekT\ise. We mar imagine that 
for fuither analysis a Fresnel rhomb and nicol are 
mounted before the slit of the spectroscope, the 
arrangement actually used by Dr. Hale. The two 
circular vibrations of the doublet are transformed 
by the Fresnel rhomb in two normal and linear 
vibrations. It depends upon the position of the 
mcol which of the components of the doublet is 
the more quenched. 

The initial position of the nicol determines the 
angle through which it is to be turned in order to 
reverse the relative intensities of the two compo- 
nents. Only widened Knes and no doublets, and 
correspondingly only a shift and no extinguishing 
of components by turning the nicol, will be observ- 
ed, either from want of uniformity of the field 
or from want of homogeneity of the light. 

The phenomena observed by Prof. Hale in the 
double lines and the widened lines of the sun-spot 
spectrum, and exemplified in the photographs 
under review, are identical in character with those 
observed in the laboratory under the specified 
conditions with somewhat broad lines or in a rather 
non-uniform field. The behaviour of a spectral line 
emitted in these circumstances by iron vapour 
between the poles of an electromagnet cannot be 
distinguished from the radiation of iron vapour 
immersed in the interior of a Hale (electronic or 
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corpuseular) solar vortex at a distance of 149 mil- 
lion kilometres. 

So far as we know, only a strong magnetic field 
can resolve a single line into a doublet, having 
components circularly polarised in opposite direc- 
tions. Ai’e we not compelled, then, to admit that 
where these unique and eharacteiistic phenomena 
are present a magnetic field must be their cause? 
The evidence is of the same nature (but still more 
convincing by the unique character of the polari- 
sations) as that for motion in the line of sight from 
the Bopplee displacement of spectral lines in the 
case of moving stars or molecules. 

The absence of any shift of the red telluric hnes 
by the rotation of the nicol, or of measurable dis- 
placements of the cyanogen flutings, as reported 
by Prof. Hale, considerably strengthens the argu- 
ment and excludes instrumental and other errors. 

A quantitative comparison of the magnetic 
separations of the iron, lines as observed in the 
laboratory and in the sun will be necessary to 
complete the argument and to make it, if full 
correspondence exists, almost insuperable. A small 
probability, of course, must be left open that under 
the conditions existing in the solar furnace, 
dissociation processes or something of the kind 
(Lockyer) occur, so as to alter the whole vibrating 
system of the atoms and therefore also the relative 
separations of the different lines. 

Being in the country I unfortunately cannot 
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supply no^v the magnetic separations of the region 
of Prof. H-vle’s photograph. 

The iron speetnini in the magnetic field has 
been examined by Becquerel and Deslaxdres, 
Reese, Kent and HAKTiEi.NjS- (Thesis, Halle, 1907), 
but the lines inrestigated are not far enough in 
the red. 

Recently Miss tan IMeurs made in the Amster- 
dam laboratory a rather extensire study of the 
radiation of iron in the magnetic field, which will 
be published shortly; her obseiwations in the red 
are still unfinished. 

In order to obtain an idea of the order of magni- 
tude of the magnetic force within the Hale solar 
vortex, we can only compare the largest separation 
of an iron line observed by Prof. Hale, viz. 0-22 
A.U., with that of one of the larger separations of 
iron lines measured in the laboratory. The separa- 
tion of 1 4144-05 is 0-67 A.H. in a field of 29,740 
gauss. This gives for the magnetic force nearly 
10,000, which may be reduced to, say, 6000 gauss, 
if Dr. Hale’s line presents such exceptionally high 
separation as some zinc lines. 

If we might identify the Hale vortex with a 
solenoid with axis parallel to that of the vortex, 
and having one layer of one winding per cm., a 
current of 5000 amp. would be necessary for gene- 
rating the 6000 gauss field. 

This current at first sight seems rather large. 
The actual case is approached more nearly by sub- 
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stitiiting for the one winding per em. a gaseous 
eondiieting circular disc, one cm. thick, and of suit- 
able radius, though all calculations here are merely 
tentative and extremely rough. Let the radius of 
this disc be chosen ecpial to that of the eai*th, viz. 
6-4 X 10® cm. (representing a solar vortex of, ac- 
cording to Hale’s photographs of the solar vortices, 
extremely moderate dimensions), then the cuiTent 
of 5000 amj). in the disc is to be distributed over 
an area of 6-4 X 10® cm^., giving 0-8 X 10“® amp. 
per cm2. 

The kathode rays issuing from the spot of lime 
(say one square millimetre area) in a WEnnELT 
tube carry something like 10“® amp. (I quote from 
memory). Hence the solar vortex would not be too 
crowded with electrons even if the magnetic force 
to be accounted for were much higher. 

In the last paragraph of my very first paper 
(1897) concerning radiation in the magnetic field, 
I wrote : — “Further inquiry must also decide as 
to how far the strong magnetic forces existing, 
according to some, at the surface of the sun may 
change its spectrum”. Since I always entertained 
the expectation, sometimes amounting almost to 
conviction, that some day a cosmical application of 
the magnetic separation of the spectral lines would 
be discovered by astronomers. This might suggest 
that I am too favourably disposed towards any evi- 
dence in such a direction. 

I trust, however, that I have not been too san- 
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guine while \viituig this review of Prof- Hale’s 
splendid discovery. Its importance for general 
and solar physics must be very gi'eat, and not less 
for the theories of meteorology' and terrestrial 
magnetism, affording, as it does, a vem causa for 
the pertiu’bations of the electric and magnetic equi- 
librium of oui* eaitli and its atmosphere. 


Reprinted from : ‘‘Xnture”, August 1908, Yol. LXXVIII 
pp. 369 — 370. 
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XIL RECHEROHES SUR LA DtoMPOSI- 
TION MAGNETIQUE DES RAIES SPEC- 
TRALES 

I. DEC05IP0SITI0N MA6NETIQUE DES EAIES SPEC- 
TRALES ET ES’TEXSITE DU CHAMP 

O K peut j)arfaiteiiieut defimr I’intensite d’lm 
champ magiietique par la mesure dans la- 
quelle il produit la decomposition d’une raie 
spectrale. Ain si p. ex. la distance des composantes 
extremes d’un triplet peut etre determinee avec 
une gi*ande precision. Les composantes d’une raie 
seindee par un champ magnetique sont tout aussi 
nettes que la raie primitive elle-meme, et on salt 
avec quelle precision on peut faire des mesures 
sur des spectrogrammes. 

Deux champs magnetiques peuvent etre dits 
egalement intenses s’ils produisent une meme de- 
composition d’une raie spectrale, et deux diffe- 
rences d’intensite magnetique sont egales si les 
variations de distance des composantes sont egales. 
On defmit par la une certaine echelle d’intensite 
de champs magnetiques, mais le zero et 1 ’unite 
peuvent encore etre choisis arbitrairement. Toutes 
les conditions necessaires pour comparer indirecte- 
ment diverses intensites d’une grandeur sont 
satisfaites ^). 


Comp. Runge, Maass mid Messen, Encyclopadie der mathe- 
matischen Wissenschaften, Bd. V, I, 1903. 
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En eniployaut r-ettt- niethode de mesure d’nne 
force magiietique, on a d’ailleurs cet arantage 
qu’on fait directement usage d’une i)i’opriete des 
atomes. 

Pour rax>plication de I’eclielle en question, la 
natm*e de la relation fonctionnelle entre Tmtensite 
du ehanip et le degre de di^dsion est sans im- 
portance. H suffit que la fonction n’ait qu’ime 
seule valeui*. Les determinations actuelles les plus 
precises ^), de nienie que la theorie, nous appren- 
nent que selon toute probabilite le degre de de- 
composition des raies speetrales est proportionnel 
a I’intensite du champ on se trouve la source 
lumineuse. Si cette relation simple existe reelle- 
ment, notre echelle d’intensite du champ magne- 
tique devient identique a eelle que I’on emploie 
habituellement. 

tine fois que le facteur de reduction est connu, 
nous pouYons deduire de la composition d’une raie 
spectrale donnee I’intensite du champ en mesure 
absolue. 

Suivant les mesures faites par M. Pakber 2) gur 
les raies 4678 Cd et 4680 Zn, obtenues en faisant 
.■jaillir ime etincelle entre des electrodes de zinc et 
de cadmium, le facteur de reduction pouvait etre 
determine avee une erreur probable bien plus 
petite que Vioo- 


Voir en partieulier: A. FiRBER, Uber das Zeeman- 
Phanomen, Ann. d. Phys., 9, 886, 1902. 
loc. cit. 
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Cette methode et toutes eelles qui ont ete em- 
ployees jusqu ‘iei pour mesurer des cliamjjs magiie- 
tiques font connaitre i'intensite du elianip en un 
seul ijoint; ou lolutot la valeui* moyenne pour une 
surface pas toujoui’S tres petite, ou pour un petit 
espaee, est prise pour la raleui* en un point 
de cette suiface ou de eet espaee. 

La decomposition magnetique des raies spee- 
trales peimet de trouver Vintensite du champ d la 
fois en tons les points d’line ligne droite. 

Pour le montrer, je me suis servi de tubes a 
vide contenant un peu de mereure. Les tubes em- 
ployes avaient des eapUlaires d ’environ 8 cm. de 
longueur et dont le diametre variait entre % et 
% mm. La forme etait eelle recommandee par 
il. Paschen 1), et employee par MM. Rustge et 
Paschen dans leui* etude du rayonnement du mer- 
eure dans un champ magnetique. 

Si I’on cbauffe un peu le tube, il est traverse 
par la decharge et I’on obtient dans le eapillaire 
une lumiere intense, qui augmente encore conside- 
rablement si I’on place le tube dans un champ 
magnetique. On remarque alors que pour une 
densite determinee de la vapeur il y a une certaine 
valeur de I’intensite du champ magnetique pour 
laqueUe I’intensite lumineuse est la plus forte. 
C’est ce que I’on constate nettement en excitant 


Pascshest. Eine ©EissLEESclie Rohre zum Stadium des 
2lEiEMAN-Effektes. Physik. Zeitschr., 1, 478, 1900. 
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im eleetro-ainiant somi-aiiniilaire de di* Bois. Vu 
la grande self-induction, le champ magnetique ne 
s’aceroit que lentenienl, ct Ton observe nettement 
un instant on rintensite luinineiise est maxima, du 
moins si la tension de vapeui* dans le tube n’est 
pas trop elevee. 

Une fois que la densite de vapeur a ete eonvena- 
blement clioisie, dans uu champ d’intensite donnee, 
il suffit de chauffer fort peu le tube pour entre- 
tenir son illiunmation. 

Si le tube est place entre les poles eoniques d’un 
electro-aimant de nr Bois, dans un plan perpendi- 
culaire a la droite qui joint les poles, le champ 
rarie evidemment d’intensite d’mt point du tube a 
un autre. Si nous examinons au spectroscope la 
lumiere emise par chaque point du tube, nous 
observons evidemment qu’en tous les points la 
division magnetique n’est pas la meme. 

Mais il est possible d ’examiner simuUanement 
au spectroscope tous les points du tube. Il suffit 
pour cela de projeter a I’aide d’une lentille une 
image bien nette du tube sur la fente du spectro- 
scope, qui doit d’ailleurs satisfaire a une certaine 
condition; notamment celle-ci, qu’a chaque point 
de la fente corresponde un seul point de 1 ’image 
spectrale. Cette condition est satisfaite par un 
spectroscope a prisme, par un spectroscope a eche- 
lons, par un spectroscope a reseau plan, mais non 
par un reseau concave dispose h la faQon de 
Rotvlaot). Pour pouvoir se servir d’un pareil 




PI. irr 
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reseau, il faut operer p. ex. de la fa^ion indiquee 
jjai* MM. Runge et Paschex i). 

Mes experiences ont ete faites suivant cette der- 
niere methode. 

Je donnerai eomme exemple la raie bleue du mer- 
cure (4395), qui est separee en un sextet. 

La distribution de la force magnetique dans un 
plan perpendieulaii*e a la ligne de jonction des 
p61es d’un eleetro-aimant de du Bois, dont la dis- 
tance polaire est de 4 mm., est figuree par un 
magnetogramme optique fusifoime; la Pig. 1 de la 
planchte III en reproduit une partie. Cette figure 
est la reproduction, agi‘andie 9 fois, d’une epreuve 
negative. La lumiere des deux eomposantes iuteri- 
eures peut etre eteiute au moyen d’un nicol. H 
reste alors de part et d ’autre les deux fines 
raies. La Pig. 2 (PI. Ill) est une reproduction en 
grandeur naturelle d’un pared magnetogramme; 
sur cette reproduction on ne voit plus que les deux 
eomposantes exterieures sont doubles. Pour juger 
de I’etendue du champ represente par ee magneto- 
gramme, on doit songer que 1 mm. dans le plan 
focal correspond a 1,80 mm. dans le plan des 
poles, ou bien que 1 mm. de ce dernier plan 
correspond a 0,556 mm. sur le negatif. Dans la 
Pig. 1 ime longueur de 5 mm. correspond done a 
1 mm. dans le plan des poles. Le magnetogramme 
entier fait connaitre la force magnetique le long 


EIatser. Handbuch, Bd. I, p. 482. 
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d’line ligne de 40 nun. do longueur. En so servant 
d’une lentille ayant ime autre distance focale, on 
pent evideinnient reproduire une portion plus 
grande du champ. Dans la partie moyenne du 
chami^ I’intensite est d ’environ 24.000 C. G. S. II 
va de soi qu’une compamison des intensites du 
champ peut se faire avec une precision bien plus 
grande que celle que j’ai donnee tantot poui‘ une 
mesure absolue. 

Si Ton veut comparer des intensites de champ 
magnetique avec ime exactitude relativement 
elevee, on peut le faire plus faeilement par une 
mesure de la distance entre les composantes que 
par une determination magnetique directe. 

H va de soi que cette methods ne sera employee 
que dans des cas difficiles, car, aussi longtemps que 
nos spectroscopes a grand pouvoir separateur 
seront encore aussi incommodes et prendront en- 
core tant de place, la methods ne sera pas d’une 
utilite pratique. 

Dans beaucoup de cas il y aura avantage a 
choisir une ligne spectrale qui se resout en un 
triplet. 

En observant des phenomenes oil la force ma- 
gnetique varie rapidement avec le temps, on peut 
determiner par la magnetisation des raies speetrales 
la valeur maxima de la force, meme si le champ 
est fort pen homogene. 

Dans certains cas il est fort important de pouvoir 
etudier im phenomene dans des champs d ’intensites 
xn 
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different es. La methode que je \dens d ’exposer 
pent etre aj)plfquee dans ee eas et on pourrait 
I’appeler la methode dii champ hctcroghie. 

Je me propose d’etudier par eette methode, dans 
des champs pen intenses, Vasym^rie de la decompo- 
sition des raies speetrales, previie theoiiquement 
par if. Yoigt i). J’ai deja donne anterieurement ^), 
d’une autre fagon, la preure assez convaincante de 
I’existenee de eette asymetrie. Je suis d’aris que 
les considerations emises il y a quelque temps 
par M. Lorentz 2) rendent desirable qu’on confirme 
d’une autre maniere encore 1 ’existence de eette 
dissymetrie particulierement faible. 

n. LES INTENSIT^S DES COMPOSANTES DES RAIES 
DECOMPOSEES PAR UN CHAMP MAGNJ^HQUE 

Lorsqu’une raie spectrale est changee en un 
triplet par un champ magnetique, les deux compo- 
santes exteriem’es et la moyenne ont en general 
des intensites differentes. Suivant la theorie ele- 
mentaire que M. Lobeotz a dormee du phenomene 
de la d^omposition magnetique il faut qu’il 
existe un rapport bien simple entre ces intensites. 
Si Ton represente par et I3 les intensites des 


Voigt, Atm. d. Phj’s., 1, 376, 1900. 

*) Zeiemaji, Versl. Kon. Akad. Amsterdam, d6eembre 1899, 
p. 328 (No. V de ces memoires-ci). 

«) Lorentz, ibidem, novembre et d6eembre 1905, p. 579. 

‘) Archives N6erl. (2), 2, 1, 1898. 
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eomposantes exterieures et par ! > celle de la eom- 
posante eeutrale, ou peut s’attendre a ce que 

= ( 1 ) 

On a constate a diverses reprises que cette 
relation n’est generalement pas satisfaite, et Men 
sourent on trouve des triplets ou, eontrairement a 
(1), la eoinposante eentrale est faible tandis que 
les deux extremes sont inteuses. 

On peut reellement indiquer des cas ou les inten- 
sites sont autres que ne Fexprime l’equation(l) ^). 
Mais U 7 a aussi beaueoiip de cas ou la contradiction 
avec cette relation n’est qu’apparente, parce qu’on 
perd de rue une circonstance sur laquelle je desire 
attirer J ’attention et que les autorites en cette 
matiere n’ont pas encore examinee sous ce rapport. 

Dans 1 ’etude tres importante de MM, Rijnge et 
Pascbex ^), im cristal de calcite etait place devant 
le tube introduit dans le champ magnetique. Une 
lentille de quartz pro j etait dans le plan de la fente 
les deux images formees par la calcite. L’une ou 
1 ’autre de ces deux images pouvait etre examinee 
separement. 

Ces auteurs rapportent: „Bei richtiger Stellung 
des Kalkspaths bestand das eine BUd aus Licht, 
dessen elektrische Schwingungen in der Lichtquelle 


Les raies presentant nettemcnt la polarisation, partielle 
observ^e par M.M. Egoboff et Gbokgiewsky (Comptes rendus, 
124 et 125, 1897) sont dans ce cas. 

0. Rtjnge u. F. Paschen, Abh.d.Berl. Akad. Anhang 1902. 
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parallel den Ki’aftliuien ror sieli gelien, das andere 
Bild aus Lieht, desseu elektrische Seliwingnngen 
in der Lichtqiielle auf den Kraftlinien senkreelit 
stehen, Bass die Ebene der Schwingungen nach 
dem Durebsetzen des Kalkspatlis diireb die Quarz- 
linse gedrelit wii*d, tlrnt niebts zur Saebe”. 

Leur methode separe done sans aucun doute les 
eomposantes dont les vibrations s'effeetuent verti- 
ealemeut de celles qui vibrent borizontalement. 
Mais le rapport des intensites des eomposantes, tel 
qn'il exist e dans la lumiere emise et dont il 
n’est question qu’en passant dans I’etude de 
MM. ErxGE et Paschex, pent etre modifie selon 
les eirconstanees. Car si le reseau xenvoie a des 
degres differents les vibrations verticale et bori- 
zontale, la rotation de la direction de vibration 
dans les faisceaux qui traversent la lentille de 
quartz aura son influence sur Pintensite observee. 

On eoimait depuis longtemps 1 ’influence polari- 
sante des reseaux, et en general on pent done s’at- 
tendre a ce que la direction des vibrations par 
rapport a celle des traits du reseau ne soit pas in- 
differente. 

Je ne m’attendais pas a trouver une influence 
aussi grande que celle que j’ai observee dans 
quelques experiences, en operant avec un grand 
reseau concave de Ik)WLA2n>. Je me suis borne a 
I’examen des rates jaunes du mereure et j’ai fait 
les observations dans le spectre du ordre. Le 
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faiseeaii lumineiix incident faisait im angle d’en- 
viroii 19" avoe la iiormale an reseaii. C’est dans 
la direction de la normale qne j’ai fait des obser- 
vations ^dsuelles directes on a I’aide de la plioto- 
gi’apliie. Un tube a vide contenant un peu de 
mereure etait place dans un champ niagnetique et 
une image en etait projetee a I'aide d'mie lentille 
de verre sur la feiite do Tappareil spectral. C’est 
la lumiere emise peipendieulairenient aux lignes 
qui fut examinee. 

La Fig. 1 (PI. rV" ) est une reproduction du 
triplet dans lequel se decompose la raie 5770. La 
distribution de I’intensite est en contradiction ab- 
solue avee I’equation (1). 

Quelques observations faites a Paide d’une 
flamme de sodium, dont la lumiere tombait sur 
le reseau a peu pres sous le meme angle que 
tantot, Pobservation etant faite dans la direction 
de la normale, a travers un prisme de calcite, 
m’apprirent que la lumiere reflecMe par le reseau 
etait fortement polarisee. Les vibrations verticales 
etaient de beaucoup les plus favorisees. 

J’ai examine ensuite Pinfluence d’une rotation 
du plan de polarisation de la lumiere jaune du 
mereure sur la distribution de la lumiere dans le 
triplet. Le plan de polarisation fut tourne en met- 
tant devant la fente des plaques de quartz taUlees 
perpendiculairement a Paxe. Je disposals de deux 
plaques epaisses respectivement de 2,15 et 4,17 mm. 
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Suivaiit ]M. Ctoilich la rotation dans uiie plaque 
de 1 nun. est de 22%718 a 20". pour la lumiere du 
mercure dont la longueur d’onde est 5770; poui‘ rues 
deux plaques la rotation etait done de 

22,72 X 2,15 = 48=,90 et 22,72 x 4,17 = 94°,7 

Le changement de distribution de luniiere est 
frappant. Dans la Fig. 3 les eoinposantes extremes 
sont a peine sensibles. Le negatif reproduit con’es- 
pond a la plaque qui tourne de 94 '’,7 le plan de 
polarisation. II faut remarquer que la Fig. 2, ob- 
tenue par une vibration faisant un angle de 45° 
avee la fente, repond a la distribution reelle des 
intensites dans la lumiere emise. 

Comrne j’ai fait en sorte que les vibrations ver- 
tieales et horizontales fussent egalement represen- 
tees dans toutes les eomposantes, c. a. d. que les 
circonstances fussent les memes pour toutes, pour 
ce qui regarde la direction de vibration, Faction 
polarisante du reseaii n’avait plus auerme influence. 

La distribution de la lumiere dans la Fig. 2 n’est 
certainement pas contraire q I’equation (1), et 
Fobservation visuelle directe semble meme la con- 
fmner. H va de soi qu’une reproduction photogra- 
pMque ne suffit pas pour juger des rapports des 
intensites; aussi je me propose de soumettre 
Fequation si, une verification numerique. 

Si Fon desire eormaitre le vrai rapport des in- 


Gdmlic®, Wied. Ann., 64, 333, 1898. 
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tensites des comi>osantes d’lme raie spectrale de- 
comx>osee, il faudra a ravenir faire en sorie que 
dans la region spectrale examinee la direction des 
vibrations fasse un angle de 45° avee la fente. 

Dans les cas ou quelqiies eomposantes d’une raie 
spectrale presentant im mode de decomposition 
compliqiie sont faibles, il sera parfois possible de 
les renforcer a I’aide d’une plaque de quartz 
d’epaisseur conr enable. Cela sera possible dans 
tons les cas oil les vibrations incidentes ne sont 
pas celles qiii sont reflecliies le plus fortement par 
le reseau. 

n est evident que I’on pourra tenir compte de 
ce qui precede avec d’autres spectroscopes, p. ex. 
dans le cas ou, operant avee un spectroscope a 
echelons de Michelson, on a deja analyse la 
lumiere ineidente a I’aide d’un spectroscope auxi- 
liaire. La reflexion et la refraction dans les prismes 
de verre affaiblissent evidemment dans des 
mesures differentes les vibrations verticales et 
horizontales. 

On rencontre dans quelques spectres riches en 
raies (p. ex. du fer) des cas on la relation (1) n’est 
pas verifiee. Parmi les triplets produits par le 
champ magnetique, il y en a quelques-uns qui sont 
tres rapproches les uns des autres, et pour lesquels 
la distribution d’intensite est precisement con- 
traire. Sans poursuivre I’analyse on pent conclure 
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Fijjf. 1. Image diroetement 
(thrjerveo. Pa?; do plaque 
dc quartz devant la fente. 


Fig’- 2. Devant la fente une 
plaque de quartz qui 
tourue le plan de polari- 
sation de 45°. 

Intensites comme dans 
la source. 


Pig. 3. Devant la f eiite une 
plaque de quart, z qui 
tourne le plan de polari- 
sation de 90°. 


Fig. 4. Pas de plaque de 
quartz. Le reseau a ete 
tournd de 180° dans son 
propre plan, a partir de 
la position des figures 
pres^dentes. 
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qiie pour Tune on Tautre dos doux espec-es la re- 
lation (1) n'est pas applicable. 

Enfin, j'ai encore toiime Ic reseaii de ISO' dans 
son plan. J’ai obtenii ainsi la distribution de lu- 
miere reproduite par la Fig. 4; elle se rapproehe 
fort de celle de la Fig. 2, obtenue par I’inter- 
position d’une plaque de quartz. 

Remarquea relatives a la planclie IV. 

Les figui-es sont des photographies, agrandies peu pr4s 
30 fois, de la raie Hg 5770. 

Dans tons les eas une lentille de verre a projete sur la fente 
I’image de la source lumineuse. 

La Fig. 1 a ete obtenue sans plaque de quartz devant la fente. 

La Pig. 2 a et6 obtenue en pla^ant devant la fente une plaque 
de quartz toumant le plan de polarisation de 45°; la distri- 
bution de I’intensite lumineuse est eonforme 5 celle qui existe 
dans la source. 

La Pig. 3 a 4t6 obtenue en plagant devant la fente une plaque 
•de quartz toumant le plan de polarisation de 90°. La dur4e 
d ’exposition a 4t4 trois fois plus longue que pour les figures 
prec6dentes. Cependant les composantes extremes sont tres 
faibles et S, peine visibles dans la reproduction. 

La Pig. 4 a 4t4 obtenue apres rotation du reseau de 180° dans 
son propre plan. 

m. DISSYMETRIE DE LA DECOMPOSITION MAGNE- 
TIQDE DANS DES CHAMPS INTENSES 

1, La methode du champ heterogene, que j'ai 
indiquee dans le chapitre I, pent donner immedi- 
atement une idee de la fagon dont un certain pbeno- 
mene varie avee Fintensit6 du champ, et en meme 
temps on a la certitude que toutes les autres 
circonstances sont les memes. 
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Ainsi qiie je I’ai annoiice dans ee premier chapitre, 
j'esperais poiivoir appliqiier eette methode a Fetude 
d’une as^Tnetrie dans la decomposition des raies 
speetrales, predite d’abord theoriquement par M. 
Voigt ^), et examinee plus tard a im autre point 
de \iie par M. Loeentz^). 

Le resultat theorique de M. Voigt, dans le cas 
oil Foil a affaire a une division en triplet, est lit- 
teralement celiii-ei : „dass das normal zu den Kraft- 
linien ivahrnehmbare Duplet der parallel zu B 
(force magnetique) polarisiifen Component en bei 
kleineren Feldstarken in der Weise unsymmetriseb 
ist, dass die nacli Sot liegende Componente die gros- 
sere Intensitdt, die nacli Violett hin liegende aber 
den grosseren Absfand von der urspriinglichen 
Absorptionslinie besitzt’’. M. Voigt parle ici d’une 
raie d ’absorption parce qu’il part de ce qu’on 
appelle I’effet inverse; mais, yu le parallelisme 
entre les phenomenes de Femission et de 1 ’absorp- 
tion, les raies d ’emission doivent presenter des 
phenomenes analogues. 

D’apres les formules de M. Voigt, la grandeur 
de I’asymetrie, c. a. d. la difference des distances 
des composantes extremes a la raie mediane, serait 
mdependante de Fintensite du champ. II est d’ail- 
leurs probable que Fasymetrie est a la limite de ee 
qui est observable. 


Voigt, Ann. d. Phys., 1, 376, 1900. 

®) Lobentz, Versl. Kon. Akad. Amsterdam, novembre et d4- 
eembre 1905. 
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J*ai deja attire autrefois Tattention sur quel- 
qiies eas de decomposition asymetrique, et les mesu- 
res publiees plus tard par d’autres observateurs 
confirment eeidainement Texistence de cette asy- 
metrie. 

Mais il me semble qu’uu examen detaille de 
Failure de la decomposition a trarers toute Fecbelle 
des intensites du champ, depuis des champs faibles 
jusqu'a des champs iiitenses, serait tres impoi-tante 
pour la theorie. II est certain que les parties les plus 
interessantes de I’eehelle sont preeisement les 
champs tres faibles et les champs tres forts. 

L’exemple le plus frappant que je connaisse d’une 
decomposition asymetrique est foumi par les raies 
jamies du mercure (5791). L’examen de la struc- 
tiu'e d’une de ces raies ne saurait etre faite ^ 
I’aide de I’interferometre de Michelson. En effet, 
la condition de symetrie necessaire selon Lord 
Rattjeigh 2) pour deduire cette structure de la 
eourbe de risibilite n’est certainement pas remplie. 

2. En appliquant la methode decrite dans le 
chap. I, j’ai fait des experiences sur la faQon dont 
ces raies se conduisent dans des champs intenses; 
je me suis servi d’mi grand reseau concave de 
RowTjAND, que je dois a la liberalite de la Societe 
Hollandaise des Sciences. J’espere communiquer 
bientot les resultats obtenus dans des champs peu 
intenses, a I’aide d’une methode interf^rentielle. 

1) Zeejwx, ArcHves N6erl. (2), 5, 237—242, 1900 (No. VI 
de ces memoires-ei). 

Rayleigh, PMl. Mag., novembre 1892. 
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lEon reseau poi*te 10.000 traits par pouce et a mi 
rayon de courbure de 6.5 m.; la surface rayee est 
large de 14 cm. Dans la metliode que j ’ai appliquee, 
e’est mie condition necessaire que I'installation du 
reseau soit stigniatique. Le reseau concave de 
Roitlanu pent eti-e employe d’une fagon stigma- 
tique, d'apres la methode ]ireconisee par MM. RrxGE 
et Paschen^); j’ai deja applique cette metliode 
dans des rechercbes anterieures -) et elle fut egale- 
ment employee par MM. Hallo et Geest ^). 

Les experiences que je vais comniimiquer iei ont 
toutes ete faites dans le spectre du 1" ordre. 

3. Tandis que la raie mereurieUe 5791 subit une 
decomposition asynietrique, la raie voisiiie 5770 se 
resout dans uii champ niagnetique crime fagon par- 
faitement, ou a tres peu pres symetrique. J’ai 
profile de cette eirconstance pour appliquer la 
methode optique de mesm’e d’intensite du champ 
(chap. I), parce qu’il est aise de photographier 
simultanement les raies jaunes en question. 

La planehe Y est la reproduction, agrandie 
9 fois, d’une des epreuves negatives. Suivant les 
mesures de MM. Pabet et Perot la difference de 
longueur d’onde des deux raies du mercure est 
5790,66 — 5769,60 -= 21,06 u. A., de sorte que 1 mm. 
de la PI. V correspond a une distance de 0,551 u.A. 

Ettnge et Pasciien, AVied. Ann., 61, 641, 1897. 

Zeeman, Archives N^erl. '(2), 5, 237, 1900 (No. VI de ces 
m6moires-ei) ; 7, 465, 1902 (No YIII de ces m^moires-ei). 

HaIjLO, Archives N4erl. (2), 10, 148, 1905. 

Geest, Archives Neerl. (2), 10, 291, 1905. 
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On reconnait a eette planclie cleja que la raie 5791 
est decomposee d'mie facon as>Tnetriqiie. On s’en 
rend compte mieux encore par les agrandissements 
de la planclie T sur la planche VI (Figs. 1 et 2). 

II s'agissait de connaitre la grandeur de eette 
asjTnetrie pour diverses iiitensites du champ. 

Voici comment eette etude a ete faite. J’ai fixe 
une des epreuves negatives sous un comparateui*, 
de telle facon que la raie mediane d’un des triplets 
etait exactement comprise entre les deux fils paral- 
lels, tres rapproehes, d'lm des microscopes de 
lecture. Les fils parallMes etaient perpendieulaires 
a la direction dans laquelle le negatif pouvait etre 
deplace. II se trouvait que si eette installation etait 
obtenue pour un des triplets, il en etait encore ainsi 
pour Tautre. Un autre systeme de fils reticulaires, 
se croisant sous un angle de 50°, servait aux instal- 
lations dans les mesures et permettait de determiner 
la separation en un point quelconque des raies. 

Je determinais ainsi la decomposition d’une des 
raies pour une certaine valeur de la force magne- 
tique, et immediatement apres je mesurais la de- 
composition au point correspondant de Tautre. 

La decomposition de la raie 5770 etait si pres 
d’etre symetrique qu’elle pouvait servir de mesure 
a la force magnetique. 

J’ai fait en tout 34 series de mesures sur les 
epreuves negatives que j’avais obtenues. EUe se 
rapportent a des points differents de 10 negatifs, 
faits a diverses epoques. 
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J’ai jiiis avee intention des tubes qui n’etaient 
pas semblables. 

J’ai fait de nieme les epreuves dans des champs 
oil les intensites maxima etaient differentes, afin 
de pouvoir eontroler les resultats en les comparant 
entr’eux. 

Enfin on peut diviser les epreuves en deux 
groupes, differant par la position du reseau. Apres 
avoir fait 24 series, je resolus de touiner le reseau 
de 180“ dans son propre plan, afin de voir si cette 
operation avait une influence sur Tasymetrie. Je 
constatai qu’une teUe influence n’existait pas, mais 
la distribution apparente des intensites dans les 
triplets etait modifiee. Car, tandis que dans les 
figures des planches V et VI, obtenues dans 
une des positions du reseau, la composante moyenne 
etait plus forte que les composantes extremes, 
c ’etait le eontraire qui se produisait lorsque le 
reseau etait toume de 180“. La distribution des 
intensites etait alors celle de la Ei^. 1 de la PL IV, 
oil la composante medians etait tres faible, tandis 
que les deux extremes etaient fortes. 

4. Voici comment les resultats des mesures ont 
ete traites. La grandeur de la decomposition de 
la raie 5791, tant du cote du rouge que du c6te du 
violet, fut consideree comme fonction de la decom- 
position de la raie 5770, que I’on peut considerer 
comme proportionnelle a la force magnetique. La 
decomposition de la raie 5770 fut portae en abscis- 
ses, les deux autres furent portees en ordonnees. 
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Les groiipes de qiiatre a cinq resultats tres voisins 
fureiit combines de telle faeon que I’ordonnee 
moyeiuie correspondait a Tabscisse moyemie. 

Les 2 X T valeims imincipales ainsi obtenues sont 
reprodiiites dans les trois preniicn*es colonnes du 
tableau suirant. 


Movenne de- { 
composition j 
de 5770 j 

! 

Decomposition de 5791 

. 1 
vers le rouge j vers le violet | 

I 

1 

Asymetrie 

Champ 

en Gauss 

1 

270 

1 

234 

259 

25 

14800 

328 

283 

312 

29 

18020 

362 

313 

345 

32 

19860 

399 

353 

388 

35 

21910 

440 

394 

431 

37 

24140 

453 

404 

442 

38 

24880 

532 

475 

523 

48 

29220 


Toutes ces differences de longueurs d’onde sont 

n 

donnees en mUliemes d ’unite Angstrom. 

La quatrieme colonne fait oonnaitre de meme la 
grandeur de I’asymetrie. 

5. La demiere colonne donne I’intensite du 
champ en gauss. En calculant ce champ, j’ai admis 
que pour des raies normales il y a proportionnalite 
entre la grandeur de la decomposition et I’intensite 
du champ. 

A mesure qu’augmentait la precision des mesures, 
cette proportionnalite a pu etre prouvee avec une 
exactitude de plus en plus grande, et les recherches 
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de MM. Parbep.!), Weiss et Cottox Paschex 3) 
et M’^*'. Stettexheimer ont dome ^ eette loi m 
haut degre de eeiiitude. 



assa 0300 0350 owo oiso om ossoN^ 


Les nombres de la 5® eolome ont ete calcules a 
I’aide de la decomposition de + 0.414 en — 0,415 

Farbek, Diss. Tiibingen, 1902 ; Ann. d. Phys., 9, 886, 1902. 
Weiss et Cottok, Journ. de Phys., juin 1907. 

®) Paschen, Phj's. Zeitsehr., 8, 522, 1907. 

*) Stettenhediee, Diss. Tubingen, 1907 ; Ann. d. Phys., 24, 
384, 1907. 
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u. A. de la raie 5770, daiis le eliamp employe par 
MAI. RirN'oE et PiscHEX. M. le Prof. Pascbdex a 
eu robligeanee de me eommimiquer, que les mesures 
qu'il a faites sui* les raies du mercure, en collabo- 
ration avec M. Rexge, se rapportent a im champ 
dont I’intensite est de 22750 gauss, d’apres les 
mesures de Stettexeceimer, et de 22780 gauss 
d'apres de mesures non encore publiees de M. 
Gmeijx. J’ai done fait la reduction en admettant 
mi ecart de 0,4145 u, A. dans un champ de 22765 
gauss. 

6. La figure ci-dessus donne une representation 
graphique des resultats obtenus. En abscisses j’ai 
porte la decomposition de la raie 5770 en u. A. et 
les intensites correspondantes du champ en gauss; 
la decomposition correspondante de la raie 5791 est 
portee en ordonnee. Les observations consignees 
au tableau precedent sont representees par des croix. 

Les lignes en trait plein sont eelles qui s’accordent 
le mieux avec les observations. Quant aux traits 
pointiUes, voici queUe est leur signification. Si I’on 
prend la moyenne des 34 valeurs observees de I’asy- 
metrie, on trouve 0,036 u. A. La droite pointiUee 
inferieure coincide sur une grande etendue avec le 
trait plein et ne s’en ecarte que fort peu pour le 
reste. Le trait pointille superieur est trace paraUe- 
lement au premier, a une distance de 36 milliemes 

o 

d ’unite Angstrom, mesuree le long de 1 ’ordonnee. 

7. Comme resultat de ces experiences, on pent 
dire que pour les champs employ^, dont I’intensite 
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est eompiisc euti-e 15000 et 30000 gauss, il existe 
line asjunetiie qui a ime grande analogie avee eelle 
que M. Voigt a clMuite de la theorie. Coiifomienient 
a la theorie, mes experiences donnent que la com- 
posante situee du cote du rouge est plus rapj>roehee 
de la eomposante eentrale que celle qui est placee 
du cote du xiolet. 

D'ailleurs au point de rue de Vintensite il y a 
aussi une asyinetrie dans le sens touIu par la theorie. 

Si Ton examine p. ex. I’epreuve negative origi- 
nate, dont la PL Y est un agrandissenient au 
nonuple, on la reproduction* PI. Y elle-meme, ou 
encore mieux les impressions sur papier photogra- 
phique de Pagi’andissement (29 fois) reproduit 
PI. YI, Pig. 1, ou cette figure 1 meme, on constate 
mie faible asymetrie. Pour Men la voir il faut 
tenii* la figure a une assez grande distance de I’oeil, 
ou cacher la eomposante mediane au moyen d’une 
bandelette de papier. On ne remarque pas une 
pareiUe asjntnetrie dans le cas de la raie 5770 (voyez 
les agrandissements Pigs. 3 et 4, PI. YI, des por- 
tions moyemie et extreme de cette raie). 

B’un autre cote il y a un certain desaccord entre 
la theorie et Pobservation ; il parait notamment que 
la grandeur de Pasymetrie n’est pas constante. Le 
tableau du § 4 et le trace graphique montrent elai- 
rement que Pasymetrie diminue presque de moitie 
lorsque Pintensite du champ s’abaisse de 30000 a 
15000 gauss. 

Il ne serait pas absolument impossible (voir § 8) 
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qu line eiTeur faite siir un des points de la ligne 
superieiire eiit fait venir ee point sm* le trait poin- 
tille, mais il est fort pen admissible qu^ine combi- 
naison d'erreurs ait amene sur le trait pleiii des 
valeiirs appaifenaiit an trait pointille superieur. 

On ne saurait evideniment deduire de la ijoifion 
actiiellement eonnue de la ligne superieiu'e si, la 
force magnetique dirainuant, elle tend a se rap- 
procher asymptotiquement de la premiere. 

8. On pent aussi se demander quelles sont les 
lignes droites qui representent le mieux les systemes 
de points. Pour trouver uiie pareille droite on peut 
rendre minima la somme des earres des distances 
perpendiculaires des points a la droite. On trouve 
ainsi I’axe principal d’inertie du systeme de 
points ^). 

Si I’on effectue ee ealcul, on trouve que la droite 
inferieui*e la plus voisine des points passe par un 
point dont les eoordonnees sont 398, 351 et a un angle 
d’inelinaison de 6 ^ — 43°6'. Pour la ligne supe- 
rieure ces nombres deviennent 398, 386 et = 
45°35'. 

Pour juger du degre de precision avee lequel ees 
droites, dont la superieure est done fort differente 
de celle tracee dans la figure, rendent les observa- 
tions, j’ai dresse le tableau suivant. Les troisieme 

Voir K!akl Peabson, On Lines and Planes of closest Pit 
to Systems of Points in Space, Phil. Mag., 2, 559, 1901. II y 
^ dit: „The best fitting straight line for a system of iwints 
in a space of any order goes through the centroid of the system’ ’ 
(comp. Keesom, Versl. Kon. Akad. Amst, 31 mai 1902). 
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et quatrieme colonnes, aiiisi que les sixieme et 
septieme, font connaitre les erreiu*s qui ont ete 
faites en abscisses et ordomiees, admettant que les 
droites representent les valeurs exactes. L’indice 
1 se rapporte a la droite inferieure, I’indiee 2 a la 
superieure. 


Decompo- 

sition 

moyenne de 
5770 

Decompo- 
sition 
de 5791 
vers le rouge 

Aa, 

AO| 

Decompo- 
sition 
de 5791 1 

vers le violet; 

. ... 1 

Aaa 

i 

AO.2 

270 

234 

-hl.6 

-1,8 

259 

+ 1,4 

-1,3 

328 

283 

-1,2 

+ M 

312 

-1,6 

+ 1,6 

362 

313 

-2,1 

+ 2,2 

345 

-2,0 

+ 2,0 

399 

353 

+ 0,1 

-0,1 

388 

0 

0 

440 

394 

+ 1,3 

-1,5 

431 

+ 1,0 

— 0,9 

453 

404 

+ 0,2 

-0,2 

442 

0 

0 

532 

475 

-1,0 

+ 1,2 

523 

0 

0 


On voit que les droites rendent parfaitement les 
observations, si I’on admet la possibilite d’une m- 
eei-titude moyenne de 0,0013 u. A. dans les mesures 
relatives a la raie 5770, et de 0,0014 ou 0,0011 il A. 
pour les eomposantes cote rouge et cote violet de 
la raie 5791. La distribution des ecarts prouve que 
cette incertitude est admissible. 

9. On peut encore comparer un point de cbaque 
ligne avec les resultats des mesures de MM. Rtistge 
et Paschen. Ces auteurs rapportent que la separa- 
tion de 5770 est de 414 ± 1,7 (vers le rouge) et 

— 415 db 1,7 (vers le violet) dans un champ qui 
separe la raie 5791 de -f 366 d= 6,7 (rouge) et 

— 399 ± 6,7 (violet) ; les nombres apres le signe d= 
xn 
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represent eut les erreurs moyemies. Or, a I’abseisse 
415 correspondent d’aijres nos eourbes les ordomiees 
368 et 403; Faceord est done tres bon. 

10. En comparant la valeui* paiiiculierement 
faible de rasjTnetrie (0,036 u. A.) aTee la largeur 
des lignes spectrales dans nos figures, on serait pent 
etre tente de conclure que Tasymetrie n'est qu’une 
petite fraction de la largeur d’une raie speetrale. 
Mais une pareille conclusion serait prematui*ee. 

n est vrai qu’il resulte de nos figures que les 
composantes exterieui'es ont une largeur apparente 
d ’environ 0,19 u. A. Mais Fepreuve pour la PI. V 
n’a pas ete faite avee une fente infiniment etroite, 
car la fente avait une largeur de 0,08 totti. D ’autres 
epreuves ont ete faites avec une largeur de fente 
de 0,02 mm., mais meme dans ces cas la raie speetrale 
n’est pas beaucoup moins large. 

II semble plus stir de se servir d’une determina- 
tion faite avee un spectroscope a echelons d’un 
grand pouvoir resolvant, les conditions dans les- 
quelles se trouvait le tube a mercure etant d’aiUeurs 
les memes. J’ai trouve que la largeur de la raie 
speetrale etait environ de la distance de deux 
ordres successifs dans I’echelon. Comme cette 
distance est de 0,694 u. A., dans le voisinage 
des raies Hg, la largeur des rales jaunes Hg 

dans le champ magnetique devient environ = 

0,063 u. A. 

On peut encore comparer avec ee resultat une 

xn 
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valeiir que Ton pent emprmiter a des determinations 
de M. iliCHELsoN. M. AIicheusox a notamment 
trouve ^), a I'aide de rinterferometre, que dans un 
champ de 10000 gauss la division totale atteint 
0,36 u. A. poiu* les raies jaunes du mercure. D’apres 
la figure a la page 354 de sa conunimieation, on voit 
que la largeur de la raie spectrale etait mi quaif 
de la largeur du systeme decompose et atteignait 
done 0,09 u. A. 

Si Ton prend done 0,07 u. A. comme ime moyemie 
pom* la largeiu* de la raie, on ariive a cette conclu- 
sion, que la grandeur de I’asymetrie trouvee est a 
peu pres la moitie de la largeiu* de la raie, ou est 
du moins du meme ordre de grandeui* que cette 
largeur. 


Explications des planches V ef VI. 

PL V. Un agrandissement Vi du negatif original repr4- 
sentant les raies jaunes 5791 et 5770 dans un champ hetero- 
gene. 1 mm. correspond h 0,551 u. A. 

PI. VI. L’4peuvre originate agrandie 29 fois. 

Pig. 1. Portion centrale de la raie 5791 ) 

( Decomposition 

(pi. V) C '4. • 

Pig. 2. Portion terminate de la raie 5791 / nque. 

Pig. 3. Portion centrale de la raie 5770 ) Decomposition 

Pig. 4. Portion terminate de la raie 5770 ( sym4trique. 

Les lettres r et u indiquent de quels cotes se trouvent le 
rouge et le violet. 


Michelson, Phil. Mag., 45, 348, 1898. 
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IV. OB.<EKVATION Di: LA DECrBIPOr^^ITK tX MA(LXE- 
TIC^UE DES RAIE!< SPECTRALES PAR LA 
5IETHODE DE FABRY ET PEROT 

1. La mothode d ‘interference des plaques paral- 
leles a inoitie argentees, developpee avec tant d'in- 
geniosite ijar iiOI. Fabry et Perot i), I'empoite stir 
tous les autres jirocedes speetroscoinques par la pre- 
cision avec laquelle on pent satisfaire pratiquement 
aux conditions tlieoriques qui eii sont la base. 

La prineipale tache de rexperimentateui* qui 
Fapplique est de rendre iiarfaitement paralleles les 
deux plaques argentees entre lesquelles s’opere la 
reflexion. 

Pout' eontroler d’une fagon independante les 
resultats obtenus par les recbercbes decrites dans 
le precedent chapitre, et pour etendre ces recberches 
a des champs peu intenses, la methode de Fabry et 
Perot me paraissait tout indiquee. Bien que je 
tiemie pour fort peu probable que des defauts dans 
le reseat! de Rowland soient la cause de I’asymetrie 
dans la decomposition, que je viens de decrire, il 
est cependant permis d ’avoir quelque doute a ce 
sujet. 

C’est la premiere fois que la methode de Fabry 
et Perot a ete appliquee a la decomposition des raies 
spectrales- On a meme pretendu que la methode 
des f ranges d ’interference produites par des couches 


Fabry et Perot, Ann. de Chim. et de Phys., 1899 — ^1904. 
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argentees n'est pas applicable a ce genre de 
rechercbes. Conmie empeehement caintal on eonsi- 
dere la forte deperdition de lumicre dans I’appareil 
de !MIM. Pabrt et Perot. La conunmiication sui- 
vante prouve toutefois que eet inconvenient n’est 
pas insui’montable. 

2, Des deux fagons d’appliquer la methode des 
plaques paralleles, la plus simple est eelle qui de- 
mande les appareils les moins couteux et qui a ete 
employee pour la mesure des longueurs d’onde par 
MM. Fabry et Perot ^), Lord Rati^igh^) et M. 
Etersheim 2). On se sert alors de la forme d’ap- 
pareil que Ton nonune etalon. La distance des 
plaques argentees est constante. Les plaques sont 
serrees centre des pieces arrondies au moyen de vis 
qui permettent d’exercer une pression variable. En 
faisant varier la pression on deforme un tout petit 
peu Pacier et le verre et I’on obtient le parallelisme 
parfait des plaques de verre, qui etait deja presque 
atteint par le travail soigne des pieces arrondies. 

3. La theorie de la comparaison des longueurs 
d’onde, a I’aide de cet instrument, est tres simple; 
elle a ete donnee par Mbl. Fabry et Perot. Nous 
I’appliquerons a la decomposition des raies spectra- 


Pabrt et Perot, Ann. de Chim., et de Phys., 25, janvier 
1902; C. R., 27 mars 1904. Fabry et Btjisson, C. R. 
16 juillet 1906. 

®) Lord Rayleigh, Phil. Mag., 11, 685, 1906. 

®) Byersheim. Zeitsehr. f. wissenschaftl. Photogr., 5, 
152, 1907. 
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les dans le chanix) inagnetique, notamment au eas 
le plus simple, a la decomposition en iin trijilet. 

Soit Xq la longueur d’onde primitive de la raie 
spectrale, devenue dans la suite la raie mediane du 
triplet. A cette longueur d’onde correspond im 
systeme d’anneaux; soit le uumero d’ordre du 
premier aimeau du centre. Le niunero d’orde p^^ 
pour le milieu est alors egal a ce nombre entier F,„ 
augmente d'une fraction sq ^ sorte que Po = 
^0 + 6 0 - Chi aura ordinairement 0 < so < 1. 

Le diametre d’mi anneau augmente en meme 
temps que s. Si e est I’epaisseur de la coucbe d’air, 

2e 

le numero d’ordre du point milieu est Po—-r' 

Dans une direction qui forme mi angle i avec la 
normale a la plaque le numero d’ordre devient 
Pq cos L 

Si Xq represente en mesm*e angulaire le diametre 

de I’anneau Pq, on a p© cos Xq=Pq, si I’on 

observe dans le plan focal d’une lentille. Apres 
developpement du cosinus on trouve: 

ou 

^o = Fo^- (1) 

Si X,. est la longueur d’onde de la composante 
exteme du triplet situee du cote du rouge, on aura 



xn 



ou Pr. Br et Xr repi-eseiiteiit cles grandeurs corres- 
pondautes aiix Po, et .c^ de taiitot. Or, comnie 
il faut que Xo (Po -£ o) =Ar(Pr+Sr), on aura 


OPrV 


1 + ^- 


8 


( 2 ) 


Si X,„ P„ et ;t:, sent les elements eorrespoiidants 
relatifs a la eomposante du triplet situee du cote 


du violet, 



+ 


Xn 



Pour le rayonnement dans un champ magnetique, 
il se presente cette eirconstanee simplificatrice qu’en 
beaueoup de eas on peut f aire en sorte que 

P^ = P„ = Pr ( 4 ) 

Si Ton regarde le systeme d’anneaux cori’espon- 
dant a Xq, on voit que, a mesure que la force magne- 
tique augmente, des aimeaux se detachent du 
systeme Xo en se mouvant, les uns vers I’exterieur, 
les autres vers I’interieui'. Ce sont les anneaux cor- 
respondant a X,. qui se retrecissent ; ceux qui cor- 
respondent a X„ s’elargissent. 

Le rapport de cette dilatation, et de ce retrecis- 
sement, a la distance des anneaux X o est determine 
par la valeur de p de I’etalon et par I’mtensite du 
champ. 

Ce sont de meme ce p et le maximum de la force 
magnetique qui determinent s’il y a de nouveaux 
anneaux qui apparaissent ou disparaissent au 
centre. Si I’on ne mesure pas le plus petit anneau. 



mais que Ton piiisrjc :>e servir decs aiiiieniix >, et }i. 
qui sont iistsua d'un itumf uukean /.q, j pent cleA’e- 
iiir > 1. L'c'qiiatioii (.4j s’appliqiu'i-a alors, et Toil 
ixjurra deduire et Xj. des diametres des amieaux 
et de la valeiir de X o, coiisideree eonmie doimee, 
mais index)eudanimeiit de la valeur exacte de Tepais- 
seur de la coudie d'air. 

ilais il est evident que la grandeur de la dd'om- 
position entre les anneaiix X q, pour une valeur 
domiee de la force magnetique, sei'a determinee par 
I'epaisseur de la couehe d’aii-, et ce qu’ou i)ourrait 
appeler sensibilite” du systeme d ’amieaux pour 
des forces magnetiques augmentera avee I’epaisseur 
de la couehe d’air. La largeur effective des raies 
speetrales soumises a I'examen fait que I’on atteint 
(trop tot) une liniite de eette sensibilite. 

Dans certains eas il sera recommandable de choisir 
pour les mesures non le premier aimeau mais mi 
des suivants ; mais cela ne pent doiiner lieu a aucune 
difficulte. Dans les formules P est tou jours le 
numero d’ordre de Fartneau mesure. 

Mais dans le cas ou Pq differe de P^ ou P,., la 
valeur de Pq doit etre connue si Ton veut faire le 
calcul au moyeii des formules (2) et (3). 

4. Outre la simplification dont je viens de 
parler, et qui resulte de I’equation (4), il s’en 
presente encore une autre dans ces recherches dans 

le champ magnetique. La grandeur 6 = p^ jFepais- 

seur optique de la couehe d’air comprise entre les 
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deux plaques, est iiotaninient uiie coiistante absolue. 

Eu general cette epaisseur n’est pas independante 
de X. Par suite du changement de phase au moment 
de la reflexion sur Fargent, qui varie legerement 
d’une longueur d'onde a une autre, il faut que dans 
la eomparaison de systeme d’amieaux diversement 
colores Tepaisseur optique soit deteiininee pour 
chaque eouleur a part, ou bieii quume correction 
soit apportee jkjui* reduire toutes les valeurs a une 
meme eouleur. 

II va de soi que dans rapplication que nous allons 
faire de la methods il n’est question que de systemes 
d’anneaux dont les longueurs d’onde different exces- 
sivement peu, de sorte que la correction en question 
est negligeable. 

5. Les figures de la planche YII donnent ime 
idee de la fa§on dont se presente la decomposition 
magnetique des raies spectrales, si I’on applique la 
methods de Fabry et Perot. Ces figures sont des 
agrandissements au sextuple a peu pres d’epreuves 
negatives, obtenues au moyen d’un etalon pour 
lequel la distance optique etait d ’environ 5 mm.; 
la source lumineuse etait un tube vide a mercure, 
place dans le champ magnetique. A 16° le numero 
‘d’ordre de Hg 5791 est environ 17266 au centre. 

Le systeme d’anneaux fut forme dans le plan 
focal d’une petite lentille achromatique de 18 mm. 
de diametre et 12 cm. de distance focale. Ce plan 
focal coincide exactement avec le plan dans lequel 
se trouve la fente d’un petit spectroscope. Pour une 
xn 
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Fig. 1- Les deux raies 
jauiies du niercurc dans 
iin eliamp magiietique. 
F elite tres lai'ge. La raie 
verte est surexposee. 

Etaloii 5 mm. In ten- 
site du ehamp environ 
5000 gauss. 



Fig. 2. Les m^mes raies, 
Fente etroite pour me- 
sures sur les raies jaunes 
du mercure. 
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feiite large ehaque rale speetrale preud la forme 
d'mi rectangle sui* lequel se dessinent les anneans- 
La pai-tie du spectre represeutee dans les figures 
est celle des deux raies jaunes et de la raie rerte 
du mercui-e. Dans la Fig. 1 on voit que les deux 
rectangles correspondant aux deux raies jaunes se 
superposent en partie. La raie verte est fortement 
surexposee. Je Fai reproduite pour donner une 
idee de la dispersion employee. Le champ magne- 
tique dans lequel les epreuves des Pigs. 1 et 2 ont 
ete faites etait d ’environ 5000 gauss. 

Le phenomene presente au spectroscope par le 
systeme des anneaux qui se deplacent lorsque la 
force magnetique augmente lentement est tres beau. 

On voit done d’abord les anneaux V et se rap- 
proeher I’un de I’autre, se reeouvrir mutuellement, 
puis aller en s’ecartant, eoincider avec I’anneau 
suivant Ji© pour un champ d ’environ 15000 gauss, 
le depasser, et ainsi de suite. 

Pour des mesures relatives aux raies jaunes on 
doit se servir d ’epreuves faites avec une fente 
etroite, comme la Fig. 2. Dans cette deuxieme 
epreuve la temperature etait un peu differente de 
ce qu’elle etait pour la Pig. 1. 

6. Pour effectuer les mesures, que je decrirai 
dans tm autre chapitre, on pent se servir de la 
methode des diametres, qui fut brievement exposes 
ci-dessus (§ 3) ; mais on pent egalement recourir a 
la methode des coineidences i), qui eonsiste h deter- 

Fabry et Perot, Ann. d. Chim. et de Phys., 25, 12, 1902. 
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miner les valeurs de la force magnetique pour les- 
quelk'b Ky coincide avec Xt, ou et X„ avec Xy. 

Yuici connnent MM. Fabry et Perot resuinent 
les tlifficultes qiie Ton rencontre en ai>pliquant la 
inethode des coincidences a la comj)araison de 
longueurs d'onde: 

„M&ne arec ee perfeetionnement, la metliode 
presentait des inconveuients assez graves: 

La necessite d’eclairer siniultanement I’ap- 
pareil par les deux soui“ees entraine des pertes de 
liuniere assez impoi-tantes ; 

2°. Les coincidences ne sont bien observables que 
lorsque les deux systemes d’anneaux ont des eclats 
comparables, et eette condition n’est pas tou jours 
facile a realiser; 

3°. La recherche de la coincidence entraine 
toujours des tatonnements et I’on n’est jamais sur 
(lorsque la periode est courte) d’en rencontrer ime 
qui soit exacte”. 

Dans Papplication de la methode au rayonnement 
dans le champ magnetique, les inconvenients 1° et 
2° n ’existent pas, et en faisant varier I’intensite 
de courant dans I’eleetro-aimant on pent produire 
.la coincidence avec mie precision aussi grande que 
I’on veut, de sorte que 1 ’inconvenient 3° tombe aussi. 

7. Enfin, je voudrais encore communiquer quel- 
ques details relatifs aux instruments employes. 

L’etalon de 5 mm. a ete monte par M. JoBisr. De 
meme les plaques argentees dont les faces internes 
sont exactement planes. Les faces externes ne 
xn 
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devaient pas etre travaillees arec le mCmo soin; 
elles font im angle de 1' uvee les faces internes. 
L 'image d'mi tube a \ide, agrandie 4 fois, fut 
projetee sur I’etalon a I’aide d'mie lentille aehro- 
matique dont la distance focal e etait de 12 cm. Tous 
les appareils optiques etaient montes sm* une i)ieee 
en I et etaient par la rendus solidaires. 

Les figures piuuvent que pour I'etude du rayon- 
nement des raies jaunes du mercure dans le champ 
magiietique il n’y aurait aucmi avantage a employer 
im etalon dont Tepaisseur optique de la eouche d’air 
serait plus grande. Au contraire, la largeur effec- 
tive des raies jaunes dans le champ magnetique est 
si grande, que les limites d 'application de la methode 
sont presque atteintes dans ee cas. 

V. EXAMEN DE LA DISSYMMiTRIE DE LA DECOMPOSI- 
TION MAGNETIQUE DES RAIES SPECTRALES PAR 
LA METHODE DE FABRY ET PEROT 

1. Dans le chapitre IH je me suis servi d’une 
methode, que j'ai appelee la methode du champ 
heterogene, pour examiner I’asymetrie qui pent se 
presenter dans les triplets, d’apres les previsions 
theoriques de M. Voigt i). Un simple coup d’oeil 
jete sur la planche VI suffit deja pour se eon- 
vainere que la conclusion de M. Voigt, savoir que la 


Voir encore une communication r6cente de M. Voigt, 
Phys. Zeitsehr., 9, 122, 1908. 
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eomposante du triplet situee du eote du rouge doit 
etre un peu plus rapprochee de la eomposante 
mediane que eelle qui est situee du cote du violet, 
parait confirmee par I’observation. 

Afin de lever le doute qui pourrait encore exister 
relativement a I’exactitude de ce resultat experi- 
mental, il me parut desirable de continuer les 
recberches par une voie independante de la metbode 
de RowLAjNi). 

On a vu au chapitz*e IV que les plaques parallMes 
a moitie argentees de MM. Fabry et Perot permet- 
tent d ’observer la decomposition des raies spectrales 
dans un champ magnetique. 

En faisant usage du dispositif dans lequel la 
distance des plaques reste constante, I’etalon, on 
peut encore comparer de deux fagons la longeur 
d’onde de la raie primitive avec ceUes des compo- 
santes formees par le champ magnetique. 

On peut d’abord mesurer les diametres des 
anneaux d ’interference produits dans un champ 
d’intensite determinee. La combinaison des mesu- 
res relatives a des anneaux issus d’un meme anneau 
avec ceUes relatives a la raie primitive, donne lieu 
a des calculs tres simples, ainsi que je I’ai fait 
remarquer au precedent chapitre; la connaissance 
du numero d’ordre des amieaux est meme inutile, 
comme nous I’avons vu. 

2. Mais on peut aussi recourir a la methode des 
coincidences et regler la force magnetique de telle 
sorte qn’un anneau qui s’elar^t par augmentation 
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de riiiteiisite magiietique coincide avec un anueau 
qui se retrecit, 

Dans cette coiueideiiee les anneaux qui corres- 
pondent a la composante du cote du rouge se super- 
poseiit a ceux qui iiro^iennent d'une composante du 
cote du violet. L'intensite des amieaux coincidents 
n*est alors que faiblement inferieui*e a celle des 
anneaux primitifs, ee qui parait avantageux pour 
la precision des mesui'es. 

Si Xo est la longueur d’onde de la composante 
moyenne du triplet, X, celle de la composante cote 
rouge, celle de la composante cote violet, on pent, 
sans eomiaitre les valeurs des numeros d'ordre des 
amieaux, effectuer le calcul en operant comme suit. 

En general, si Pq, P^, P„ representent les 
numeros d’ordre des anneaux, Xq, et x„ les dia- 
mMres (en mesure angulaire), on a 



Si la force magnetique augmente, un anneau qui 
se retrecit correspond a X„ un anneau qui s’elargit 
a X^. Ainsi que je Tai dit plus haut on pent, dans 
la decomposition produite par le champ magnetique, 
prendre Pq = P^ ou P© = pourvu que les an- 
neaux et X„ soient issus d’un meme anneau Xo- 
Dans la methode par coincidence on opere done 
le plus simplement en considerant ranneau produit 
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par comcidence, tantot comme un amieau prove- 
nant d’uii amieau Xo plus petit, tantdt comme un 
anneau provenant d’un amieau Xo plus grand. 

En mesurant trois anneaux, notamment celui 
produit par la coincidenee des anneaux pour X^ et 
X„ (diametre Xc =ci>r =«?«), puis I’anneau plus 
grand dont le diametre est Xq, et enfin I’anneau plus 
petit dont le diametre est Xq', on obtient le resultat 
par les simples formules 


et 




3. Je me suis servi de cette methode des coin- 
cidences pour observer la decomposition des raies 
jaunes du mercure 5791 et 5770, a I’aide d’un etalon 
pour lequel la distance des plaques argentees etait 
de 5 mm. 

Le systeme d ’anneaux se formait dans le plan 
focal d’une petite lentUle achromatique de 18 mm. 
de diametre et 12 cm. de distance focale. Oe plan 
focal coincidait exactement avec le plan de la f ente 
d’un spectroscope ^ prisme. La fente etait rendue 
suffisamment ^troite pour que les deux raies jaunes 
du mercure pussent §tre observees separement. La 
plancbe VIII reproduit des epreuves negatives 
obtenues, d’abord dans un cbamp nul, puis au 
moment de la premiere coincidence (superposition 
xn 
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Fig. 1. 
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Fig. 2. 
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6770 5791 

symetrique asymetriqne 

droites conibees 

1 mm. = 0,12 u. A. 
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des aimeaux pour et X„), eu troisieme lieu a la 
deuxieme coiueidence, ou les anneaux X^ et X,se con- 
fondent avec Xq- L’epreuve suppose que la coiaci- 
denee a lieu pour 5770, mais elle se distingue a peine 
de celle que Ton aurait obtenue si la coincidence 
avait ete obtenue pour 5791. 

En faisant des mesiu'es sur six negatifs donnant 
la premiere coincidence, j’ai trouve qu’une separa- 
tion de 0,166 u. A. pour la raie 5770 correspondait, 
pour la raie 5791, a une separation de 0,160 u. A. 
vers le rouge et 0,177 u. A. vers le violet. 

Or, d’apres les donnees mentionnees au § 4 du 
cbapitre III, une separation de 0,166 u. A. repond 
a une intensite du champ de 9130 gauss. 

Si I’on considers I’asymetrie comme la grandeur 
a mesurer, il results des nombres donnes que cette 
asymetrie atteint 0,017 u. A. Une discussion des 
erreurs systematiques a craindre apprit que les 
valeurs 0,015 et 0,019 u. A. sont parfaitement pos- 
sibles, mais que les valeurs 0,011 et 0,023 sont d4ja 
fort peu probables. 

Quelques mesures effectuees par la methods des 
diametres indiquerent que la precision obtenue par 
cette methods serait un peu plus grande que celle 
que nous venons d’atteindre. Mais cette demi^re 
precision s ’accords parfaitement avec celle que MM. 
Fabry et Perot i) considerent comme possible dans 
un cas comme le n6tre. 


Fabby et Peeot, Ann. d. Chim. et de Pbys., janv. 1902. 
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Nos experiences, faites par la methode des 
plaques argentees, prouvent certainement deux 
ehoses, d’abord que les resultats relatifs a la divi- 
sion asymetrique, obtenus anterieurement par la 
methode de Rowland, sont reels ; en second lieu que 
cette asymetrie subsiste dans des champs peu inten- 
ses, et qu’elle a la valeur que Ton s’attendrait a 
trouver, si Ton pouvait admettre une proportion- 
nalite approchee entre I’intensite du champ et la 
valeur de I’asymetrie. 

VI. DJ^TERMINATION DE LA CHARGE TOTALE DES 
ELECTRONS 

1. Si nous admettons eomme d4montrees 1 ’exis- 
tence et la nature de la decomposition asymetrique, 
conformement a la theorie de Voigt, il est sans 
doute interessant d ’exprimer le resultat obtenu 
dans le langage de la theorie des electrons. 

M. Loeentz a deduit les equations de M. Voigt 
de la theorie des electrons, ou plutot il en a deduit 
un systeme d ’equations qui revieiment au meme. 
Si Ton appelle M 1 ’intensity du champ magnetique, 
X la longueur d’onde, i et ^X 2 les differences entre 
la longueur d’onde de la composante moyenne et 
celles des composantes situoes respeetivement du 
cote du violet et du c8te du rouge, enfin V la vitesse 


Lobentz. Rapports pr6scnt6s aii eongrSs international de 
physique, 1900. 
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de la lumiere dans 1 ’ether et ^ le rapport bien connu 

entre la charge et la masse, on a, d’apres M. 
Loeextz, 


e 4 s-F,. 


m 


( 1 ) 


Pour 1 = (JX 2 cette fomiule se transforme en 
la relation bien eonnue, d’oit I’on a dMmt pour la 

premiere fois le rapport On trouve ainsi ce rap- 
port en unites electromagnetiques. 

Si 'N est le nombre de molecules par unite de 
volume, on a en outre, suivant M. Loeentz, 


Ne = 




( 2 ) 


une formule qui a deja ete communiquee par MM. 
Gehkctce et VON Baevek i). 

Si Ton veut effectuer le calcul au moyen de mes 
observations sur I’asymetrie (§ 4 du chap III et 
§ 3 du chap V), on se heurte a une difficulte. 
Comme j’ai trouve que I’asymetrie varie avec I’in- 
tensite du champ, il resulte de (2) qu’il doit en etre 
de meme de Ne, puisque H et varient 

presque proportionnellement. 

Or une augmentation de Ne, c. a. d. du nombre 
des partieules lumineuses par unite de volume, doit 
se reveler par I’intensite lumineuse dans le tube ^ 


Gehbcke u. V. Bayeb. Verhandl. deutseh. physik. Gesell- 
schaft, 7, 401, 1906. 
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Yide. C’est effeetiyement ee qui a lieu, comme on 
le reeomiait a la planche VI. Nous devons done 
eonclure que la vapeur mercuiielle lumineuse ne se 
trouvait pas dans les memes conditions dans toutes 
les parties du tube de Geisslee, place dans le champ 
heterogene. 

Aussi peut-on fort Men admettre avec M. Voigt 
que le changement dans la grandeur de I’asymetrie 
doit etre attribue aux circonstances differentes dans 
lesquelles se trouve la yapeur Imnineuse. 

2. Void maintenant quels sont les resultats aux- 
quels conduit le calcul, effectue suiyant (1) et (2) 
a I'aide de mes obseryations relatiyes a la raie 5791. 

Raie du mercure 5791. 


e 

m 

Ne 

Decomposition 
moyenne 5770. 

H 

1,92 X 10’' 

8,10 X 10-* 

0,632 u. A. 

29220 

1,92 

6,24 

0,440 „ 

24140 

1,90 

6,97 

0,399 „ 

21910 

1,87 

6,03 

0,328 „ 

18020 

1,87 

4,33 

0,270 „ 

14800 

(2,07 

4,68 

0,166 „ 

9130) 


La dernide ligne de ce tableau se rapporte aux 
obseryations mentionnies au chap. V, § 3. 

En diyisant les nombres de la deuxi^me colonne 
par ceux de la premiere, on trouye que 4 . 10~^^ h. 
2 . 10~^^ gr. par cm®, participant au mouyement. 

Voigt, Physik. Zeitschr., 9, 120, 1908. 
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En pmiant, arec !M. J. J. THoaisoN, pour e la valeur 
1,1 . 10““-°, on peut ealculer le nombre N. On trouve 
ainsi que le nombre cVelectrons par umt4 de volume 
qui produisent le rayonnement de la raie du mercure 
5791 dans un tube de Gkissi^er est de 8 . 10^° a 4 . 10^°, 
suivant la force magnetique. 

Si Ton tient compte de ce que la temperature du 
tube a vide peut etre eraluee a 100° ou 120° dans 
ees experiences, ce qui correspond d’apres M. BfeRTZ 
a des tensions de vapeur de mercure de 0,29 a 0,78 
mm., on arrive a cette conclusion, que le nombre 
des Electrons qui participent a remission de la raie 
5791 est du meme ordre de grandeur que le nombre 
des atomes. 

Tin pareil resultat est parfaitement acceptable et 
on pourrait meme trouver tout naturel que tous 
les atomes a la fois participent a remission. II est 
neanmoins interessant de comparer avee ce resultat 
ceux obtenus par M. Hallo dans ses recberches 
sur la rotation magnetique du plan de polarisation 
dans la vapeur de sodium, et par M. Geest 2) sur 
la double refraction magnetique dans la meme 
substance, ainsi qu'avec les resultats de M. Jean 
Becqtjerel 2), dans ses rechercbes remarquables sur 
la fagon dont la tysonite et d’autres cristaux se 
conduisent a basse temperature, dans un champ 
magnetique. 

Hallo, Archives NSerl. (2), 10, 148, 1905. 

*) Q-eest, Archives N6erl. (2), 10, 291, 1905. 

*) • Voir en particnlier Jean Becqxjeeel, Influence des varia- 
tions de temperature sur la dispersion, Le Radium, 1907. 
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Tous ees physieiens arrivent a ee resultat que, 
pour les substances qu’ils ont examinees, un petit 
nombre seulement des atonies partieipent, a un 
instant donne, a remission ou a Tabsorption. 

Bien ne s ’oppose evidemment a admettre que dans 
un tube de Geissler les cireonstances sont tout 
autres, et que dans un tube a idde le nombre des 
atomes qui vibrent a mi moment donne est tres 
grand. 

VII. ASYMJ^TRIE DANS LES RAIES DU TUNGSTENS ET 
DU MOLYBDiJNE 

Ce ne sont pas seulement les raies du mercure et 
du fer, que j’ai examinees moi-meme, qui off rent 
des triplets asymetriques dans le champ magne- 
tique, mais d ’autres substances encore font de 
mime, Je dois a la bienveillaiice de M. Voigt quel- 
ques exemples d’asymetrie particulierement forte, 
trouves par M. Jack, au laboratoire de G-dttingue, 
dans les spectres du tungstene et du moljbdene, 
Dans le tableau ei apres les longueurs d’onde sont 

o 

donnees en unites Angstrom, les Icarteraents en 
mm., tels qu’ils ont ete mesures sur les plaques. Mais 
cela suffit pour la connaissance de I’asymetric 
relative. 

Quelques raies offrent une asyraetrie dans laquel- 
le c’est la composante du cote du rouge qui est la 
plus ecartee, Mais, d ’apres les remarquos de M. 
Jack, on n’est pas tout ^ fait certain si dans ces 
cas on n’a pas affaire a des raies plus eompliquies. 
xn 
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Substance 

Longueur 

d’onde 

W 

Ecartement | 
en mm. 1 

f — vers violet! 
L+ „ rougej 

*s 

s 

•+J 

Sub- 

stance 

Longuear 

d’onde 

(A) 

Ecartement 

en mm. 

r—%ers violet! 
L+ ,» rongej 

Intensite | 

Tung- 


- ,1474 

4 

Tung- 


- ,1559 

3 

steue. 

2488,89 

0 

3 

sthne 

2856,20 

0 

1 



+ ,1155 

4 



4- ,1375 

8 



— ,1458 

3 



- ,2892 

6 


2522,14 

0 

2 


3019,80 

0 

2 



+ ,1172 

8 



H- ,2519 

6 



- ,1524 

3 



— ,1590 

8 


2555,23 

0 

2 

^ o 

3311,53 

0 

10 



-f- ,1140 

3 

© 


+ ,1814 

8 



- ,1281 1 

3 1 

§ 


- ,1239 

8 


2580,68 

0 

2 

© ?u 

M S 

3361,25 

0 

4 



+ ,1012 

8 

g § 


4- ,1394 

B 



- ,1487 

3 

© — 


- ,0780 

6 


2606,60 

0 

2 

0 © , 

eS d / 

*3378,88 

0 

6 

i 


4- ,1553 

3 

|l 


+ ,0923 

4 



- ,1853 

3 

8 « ) 


~ ,0844 

6 


2683,24 


1 

c8 § { 

*3418,09 

0 

6 



+ ,1010 

S 

•5 ® J 


4- ,1080 

6 



— ,1695 

6 

1 

p 2 g f 


- ,0687 

6 


2697,81 

0 

3 

v g \ 

♦8429.79 

0 

6 



+ ,1498 

5 

^ 8 


4- ,0837 

3 



- ,1769 

4 

^8 1 

H d 


— ,0770 

3 


2774,12 

0 

2 

rg a 

© ns 

8448,96 

0 

3 



4- ,1332 

4 

■1 i 


+ ,0879 

1 



- ,1530 

4 

i 


- ,2824 

8 


2774,60 

0 

2 

5 .2 

d S 

4022,27 

0 

8 



4- ,1364 

4 

p a 


4- ,2032 

3 




2 



- ,5339 

1 



,0831 

2 



- ,1235 

2 


2792,85 

0 

2 


4298,55 

0 

2 



+ ■°®^i758 

2 



4“ ,1242 

2 



+ ,1586 

2 



4- ,4561 

1 





Mo- 1 


- ,2224 

10 





! lyb- 

2672,98 

0 

5 





d5ne 


4- ,1674 

10 
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Je ferai reniarquer du reste que, d’apres ce qui 
a ete dit au chap. II, les intensites donnees n’ont 
qu’uiie signification relative. 

vm. OBSERVATION DANS LA DIRECTION DES LIGNES 
DE FORCE MAGNETIQUE8 

D’apres la theorie elementaire, dans la direction 
de la force magnetique les deux composantes du 
doublet doivent etre plaeees symetriquement par 
rapport a la raie primitive. Au moment ofi je me 
proposais d’examiner ce point, un examen qu’on 
tiendrait peut-etre pour presque inutile, je fis une 
observation qui ne s’aecoi-dait pas avec une situa- 
tion symetrique des composantes du doublet. 

En observant le doublet, dont les raies etaient 
claires et nettes, je vis notamment, pour la raie 5791 
aussi bien que pour 5770, une raie fine et excessive- 
ment faible entre les deux composantes. Pour 5770 
cette petite raie paraissait se trouver exactement 
entre les composantes du doublet, par centre, pour 
5791 elle paraissait deplacee du c8te du rouge. 

Ces faibles raies proviennent evideramcnt de 
lumi&re qui est emise ^ peu pres perpendiculaire- 
ment I, la direction de la force magnetique, et est 
refllchie sur la paroi int^rieure du capillaire du 
tube de G-eissler. En examinant le neon, M. 
lA)H]yiA]snsr observa un trouble analogue, mais par- 

Lohman, Beitragc zui* Keimtniss des ZEEMAN-Phanomons. 
Dissertation, Halle a. d. S., 1907, p. 62. Zoitschr. t Wissensch. 
Phot, Bd. 6, Heft I u. 2, 1908. 
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faitement siTiietrique. Je reeoimus que la faible 
rale etait Imeairement polarisee. 

L 'image toute entiere presentait, sauf les rapports 
criiitensite et le caraetore de la polarisation, une 
analogie frappante arec ce que Ton observe dans 
une direction perpendiculaire a la force magnetique. 
H ne me fut pas possible de photogi'apbier la faible 
raie lumineuse en meme temps que les deux raies 
du doublet. 

Je resolus maintenant d’introduire dans le champ, 
en meme temps que le doublet, la raie primitive, 
non soumise a I’influence magnetique. 

On sait que dans des mesures spectroseopiques il 
y a mie quantite de sources d’erreur lorsqu’on em- 
ploie un spectre de comparaison, surtout si Ton 
desire atteindre une grande precision. Aussi M. 
Ka.tser 1) considere-t-il comme la methode la plus 
digne de confiance celle qui consiste a produire dans 
la source meme les raies dont on a besoin pour la 
comparaison. Dans notre cas cela est evidemment 
impossible. 

Le deplacement lateral que la raie lumineuse 
subit dans le tube a vide sous 1 ’influence de la force 
magnetique fait que, meme si la position du tube 
ne change pas, une epreuve faite en dehors du 
champ magnetique ne pent pas §tre comparee sans 
plus avec une autre faite dans le champ. 

C’est pourquoi j’ai cru que le mieux etait d’ana- 


EIaysbe, Handbuch der Spectroscopie, I, p. 732. 
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lyser, eii meme temps que la lumiere emise par le 
tube place entre les poles, celle d’un petit tube place 
sur le cote, reflecMe par un miroir argente a moitie. 
Mais, Tu la grande precision que je desirais obtenir, 
la comparaisoii ne reussit qu’imparfaitement. II 
semblait parfois possible d ’obtenir en meme temps 
pour 5770 et 5791 une position symetrique de la raie 
lumineuse fournie par la source lumineuse primi- 
tive. Mais je ne puis doimer a ee resultat qu’une 
importance mediocre. On devrait done conelure k 
mi deplaeement de la ligne mediane du triplet du 
cote du rouge. Ces experiences souleverent toute- 
fois cette question: 

La raie mediane d*un triplet a-t-elle la mime 
longueur d’onde que la raie primitive^ 

On pent §tre certain d’avance que le ebangement 
de longueur d’onde, s’il existe, sera excess! vement 
faible, puisqu’aucun des pbysiciens qui se sont oc- 
cupes de 1 ’examen du rayonnement dans un champ 
magnetique n’a constate, a ma connaissance, des 
ph4nomenes qui tendraient a resoudre la question 
dans 1 ’affirmative. 

Pourtant, quelques observations faites a I’aide 
d’un spectroscope a echelons m’ont fait voir que 
diverses raies spectrales, et parmi elles les raies du 
mercure si souvent examinees, subissent, sous 1 ’in- 
fluence d’un champ magnetique intense, des d6pla- 
cements de I’ordre de 6 a 10 nuUiemes d’unitd 


xn 



Angstrom, quelquefois du cote du rouge. II me 
semble que la question est suffisamment importante 
130ur etre examinee separement. 


Ce memoire n’est an fond qu'un recueil de m^moires qui 
avaient paru deja auparavant autrepart et qni ont ete i’4unis 
dans: Archives neerlandaises des sciences exactes et naturelles 
(2), 13, pp. 260 — 290, augment4s et modifies en quelques 
details. C’est cette forme que nous reimprimons ici. 

Pour la premiere fois ils ont et6 publies dans: Zittingsver- 
slagen der Kon. Akademie van Wetenschappen te Amsterdam, 
VoL XIV pp. 838—841, 27 avril 1906 (chapitre I) ; Vol. XVI 
pp. 286 — 289, 26 octobre 1907 (chapitre II) , pp. 354—361, 
30 novembre 1907 (chapitre III) ; pp. 486 — 491, 28 decembre 
1907 (chapitre IV) ; pp. 610 — 6i8, 29 f^vrier 1908 (chapitres 
V— VIII). 

Des traductions anglaises ont paru dans : Proceedings of the 
Roj^al Academy of Sciences at Amsterdam, Vol. VIII, pp. 
814—817; Vol. X, pp. 289—292; pp. 351—359; pp. 440—445; 
pp, 566 — 574. 

Une Edition allcmande des chapitres IV — ^VIII a et6 publiee 
dans: Physikalische Zeitschrift, Vol. 9 (1908) pp. 209 — ^212 
(chapitre IV) et pp. 340 — 344 (chapitres V — VIII)'. 

Une Edition f rangaise du chapitre II a paru dans : Le Radium 
5 (1908) pp. 49—51. 



Xin. CHANGEMEJSIT DE LONGUEUR 
D’ONDE DE LA RAIE MEDIANE D’UN 
TRIPLET DANS UN CHAMP MAGNE- 
TIQUB 

I. OBSERVATIONS A L’AIDE D’UN SPECTROSCOPE A 
ECHELONS DE MICHELSON 

O N a admis jusqu'ici, pour ainsi dire tacite- 
ment i), que la raie moyenne d’un triplet ou 
de toute autre figure de decomposition symetrique 
dans le champ magnetique reste a sa place. Cepen- 
dant, dans des reeherches sur la decomposition 
asymetrique de quelques raies spectrales ^), en 
examinant la lumiOTe emise dans la direction des 
lignes de force, je constatai que la symetrie n’existe 
pas toujoui-s la ou Ton s’attendrait a la troiiver. 

Ceci me conduisit a me demander si par hasard 
I’aimantation ne produii'ait pas un deplacement de 
la raie primitive. Or, e’est ce qui arrive reellement, 
ainsi qu’on le verra dans la suite. On pent effeetive- 
ment expliquer par la la situation asymetrique de 
la raie excessivenient faible, que j’ai observee ac- 
cidentellement entre les composantes du doublet 
forme par la raie 5791 ^). Cette question est d’un 
grand inter^i theorique, parce qu’elle se rattacho 


Voir § § 8 et 9. 

Archives N4crl. (2), 13, 267, 1908 (No. XII de cos m6- 
moires-ci). 

®) Ibid., pag. 289 (No. XII de ces mdnxoires-ci, p. 218). 
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probablement a I’existence de liens entre les Tdbra- 
tions paralleles et perpendieulaires anx lignes de 
force ^). 

2. Pour discuter cette question, qu’il me soit 
permis de rappeler brievement les formulas qui 
determinant, dans le eas du spectroscope a echelons 
de Michelson ^), la variation de la diffraction avec 
la longueur d’onde et la distance de deux ordres 
successifs de la meme raie. 

Supposons que la lumiere incidente tombe per- 
pendiculairement siu’ les plaques de verre du spec- 
troscope, et soient X la longueur d’onde de la lumiere 
transmise, ^ I’indice de refraction, B le petit angle 
de diffraction, enfin t I’epaisseur des plaques et s 
la largeur des degres de Pechelon. On a alors en 
premier lieu: 


dd t 

dA s . A 


( 


((» — 1) — 


A 


d(i \ 

■ dxJ 


( 1 ) 


et puis, si A est la distance de deux ordres successifs, 



3. La supposition la plus simple paraissait celle- 
ci, qu’il y a un deplacement de la composante 
moyenne pour la raie 5791, qui se partage asyme- 
triquement, mais non pour la raie 5770. Cela me 


VoiOT, Ann. d. Phys., (4), 24, 195, 1907. 

®) Michelson, Joum. d. Phys., (3), 8, 305, 1899, Piirst B. 
Gautzin, Znr Theorie des Stnfenspectroscops, Bull, de I’Acad. 
Imp. des Sciences de St. P5tersbonrg, (5), 23, nos. 1 et 2, 1905. 

xm 




224 


conduisit a employer le spectroscope a echelons de 
telle fagon que diverses rales pussent etre observees 
simultancment et comparees. On salt que de la 
fagon dont on emploie ordinairement ce spectro- 
scope on ne peut examiner qu’une rale a la fois, ou 
tout au plus des rales qui ne sont ecartees que d’une 
petite fraction d ’unite Angstrom. 

Mais on peut aussi doimer aux degres de I’echelon 
une position horizontale et placer la fente du coUi- 
mateur parallMement a ceux-la, de sorte que tout 
le systeme a ete tourne de 90° a partir de la position 
ordinaire. Mais la fente du spectroscope auxiliaire 
peut rester placee verticalement. En operant ainsi, 
ce qui revient en priucipe a appliquer la methode 
des prismes croises de Newton ou celles des „points 
d ’interference” (Interferenzpunkte) de G-ehkcke, 
on a I’avantage de pouvoii* regarder en meme 
temps des raies spectrales tres diffcrentes. Chaque 
longueur d’onde est representce par de courts traits 
horizontaux, dont la longueur horizontale est dcter- 
minee pai* la largeur de la fente du spectroscope 
auxiliaire. Puis il dependra de la position de 
I’echelon que I’on puisse observer un ou deux ordres 
successifs d’une raie. 

La figure ci-dessous est une representation sch<§ma- 
tique de la partie de I’image observee, qui se rap- 
porte aux deux raies jaunes du mercure. Les deux 
traits a at h representent les deux ordres successifs 
de la raie 5770, et le trait a' la raie 5791 dans le 
seul ordre nettement observable; tout ceci se rap- 
xm 
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porte au cas ou la source luiuineuse, uu petit tube 
a vide contenant de la vapeur de mercure lumine- 
seeute, n’est pas placee dans un champ magnetique. 

Mais si I’on produit le champ magnetique, ces 
raies se dedoublent en des composantes qui se 
deplacent les unes vers le haut, les autres vers le 
bas. D’ailleurs, si la raie 5791 change de longueur 
d’onde, celle de 1 ’autre raie ne 
^ variant pas, on devra observer 

mi deplacement conformement 
aux equations (1) et (2). 

a Si I’on fait Time apres I’autre 

cC deux epreuves negatives, des me- 

^ ' sures effectuees sur ces epreuves 

devront apprendre si le trait d 
a conserve la meme place ou non. Or, j ’ai reconnu 
immediatement que le trait d se deplagait d’une 
petite quantite, vers d'. 

4. Je donne dans le tableau suivant les resultats 
de quelques mesures effectuees ainsi sur des 
epreuves negatives, faites suivant la methode du 
§ 3, ^ des jours differents et dans des circonstances 
differentes. 

L ’echelon dont je me suis servi, et que j’ai decrit 
anterieurement en detail, se compose de 30 
plaques de 7,8 mm. d’epaisseur, les degres ayant 
1 mm. de largeur. 

La distance du trait a au trait I est mesur^e en 


Verslag Kon. Akad. v. Wet. Amsterdam, 1901 (No. VII 
de ces m6moires-ci). 
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millimetres et iiidiquee eomme distance a — h, et 
ainsi de suite. H est riiitensite du champ en gauss. 

II resulte de ce tableau qu’effectivement le champ 
maguetique deplace le trait a' par rapport a a et 
Z), et que le deplacement augmente avec I’inteiisite 
du champ. 


Plaqae 

Dans le champ 

H 

en gauss 

Hois du champ 

a^b 

■ 


a^b 

Distance 

a — 


mm 


MM 

Mi 

IH 



nil 





WBm 

B|gS» 




mlSzm 



isi 




141 

1,147 

0,861 

0,286 

7700 

1,150 

0,867 

0,283 

142 

1,140 

0,849 

0,291 

7180 

1,147 

0,862 

0,285 

144 

1,140 

0,855 

0,285 

15120 

1,145 

0,872 

0,273 

146 

1,136 

0,819 

0,307 

20340 

1,143 

0,861 

0,282 

150 

1,093 

0,746 

0,347 

23470 

1,116 

0,818 

0,298 


n en resulte aussi que le deplacement observe 
n’est pas seulement determine par un changement 
de longueur d’onde de la raie 5791, mais est une 
superposition de changements qui se prosentent 
dans les deux raies considcrces. En effet, la 
distance a — c. a. d. la distance des deux ordres 
de la raie 5770, est toujoui-s plus petite dans la 
premiere section du tableau que dans la seconde. 
On ne pent pas encore conclure de Ih que la raie 
5770 subit un changement de longueur d’onde 
(voir § 10). 

5. Si Ton classe les observations du tableau 
precedent d’apres rintensitd du champ, on constate 
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que la distance a' — a" varie eonsiderablement a 
mesure que le champ augmente d'intensite. Le de- 
placement de la raie 5791 n’est pas ime fonction 
hneaire de I’intensite du champ: I'accroissement 
est plus rapide que ne le voudrait une simple loi 
lineaire. Mais ces observations ne permettent pas 
k elles seules de determiner quelle est la loi du 
deplacement, parce que les raies de comparaison 
ne restent pas non plus immobiles. C’est ce qui 
fait qu’on obtient des valeiu’s de af — a" un peu dif- 
ferentes, suivant qu’on deduit cette distance de la 
variation de a — a' ou de celle de 6 — a'. 

II est neanmoins possible de dire dans quel sens 
la raie 5791 se deplace. C’est du cote du rouge. 
Dans la figure du § 3 un deplacement vers les 
grandes longueurs d’onde correspond a un releve- 
ment. Sur les epreuves negatives on reconnalt 
aisement de quel cote de la raie 5791 se trouve le 
rouge; on n’a qu’a regarder les trois faibles satel- 
lites qui accompagnent la raie principale et dont 
deux ont une longueur d’onde plus, grande, le 
troisieme ay ant mie longueui* d’onde plus petite 

6. On pent prouver le deplacement de la raie 
mediane du triplet par la methode du champ 
h^terogene 2), en obsei‘vant a I’aide d’un spectro- 


Janicki, Feinere Zerlegung der Spectrallinien von Queek- 
silbcr u.s.w., Inaugural Diss. Halle a. S, Ann. d. Phya., 19, 
36, 1906. 

®) Zmman, Archives N4erl. (2), 13, 260, 1908 (No. XII de 
ces mSmoires-ci) . 


xni 



228 


scope a eclielons. Ce deplacement doit se traliir par 
nne courbure de la raie mMiane, courbure qu’on ne 
saurait observer a I’aide d’ma reseau de Rowland 
et qui par consequent n’a pas pu etre constatee. 

On rendra cette courbure mieux sensible a I’oeil 
en faisant en sorte que dans I’image des points cor- 
respondant a des intensites de champ fort diff eren- 
tes soient tres rapproches. Pour y arriver, j’ai 
projete sur la fente du spectroscope auxiliaire, au 
moyen d’un objectif photographique d ’environ 
10 cm. de distance focale, une image, reduite au 
onzieme, d’une tube vide a mercure place dans un 
champ magnetique. 

Pig. 2 de la planche VIII (p. 210) reproduit des 
epreuves, agrandies deux fois, obtenues avec les 
raies 5791 et 5770. La raie mediane a ete observee 
dans deux ordres successifs. Entre les deux on voit 
les composantes des triplets. A mesm*e que la force 
magnetique augmeiite, les composantes s’ecartent 
de la raie a laquelle elles appartiennent, pour 
atteindi’e un ecartement maximum au milieu du 
champ visuel. 

Dans les figures la composante vers le rouge se 
trouve tou jours k gauche de la raie mddiane, et au 
milieu du champ elle lui tourne sa concavLte; la 
deuxieme raie fortement courbee est la composante 
du c6te du violet poui* Fordre suivant. 

La courbure des raies moyennes, dont nous 
voulons precisement prouver Texistence par notre 
experience, se reconnait incontestablement pour la 
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raie 5791. On s’eii coiivainet aisement par compa- 
raison avec mie bande de papier bien droite. 

La figure de la raie 5770 n ’off re pas cette 
courbure. 

L’asymetrie de la decomposition magnetique de 
la raie 5791 se recoimait nettenient au fait, que I’une 
des eomposantes extremes eoiirbees se rapproebe 
plus de la raie medians que Tautre. 

Si Ton represente par les distances des 

eomposantes b la raie mediane a laquelle eUes ap- 
partiemient, ee que j’ai appele ant^rieurement i) 
la grandeur de I’asymetrie est represente par — a^. 
Cette difference est d’ailleurs egale aussi a la dif- 
ference des distances qui separent les eomposantes 
fortement courbees des rates medianes auxquelles 
elles n’appartiennent pas, et vers lesquelles eUes 
toument leur eonvexite au centre de figure. 

Les deux epreuves ont ete faites dans un meme 
champ d ’environ 34000 gauss. 

On pourrait se demander maintenant si la dif- 
ference a„ — Or est egale on non au double du d^pla- 
cement de la raie mediane. Dans le premier cas 
I’asym^trie r4sulterait du mouvement de la raie 
m4diane vers des longueurs d’onde plus grandes, 
les eomposantes extremes se deplagant symetrique- 
ment par rapport a la raie primitive. L ’autre cas 
est celui qu’on s’attendrait a trouver plutot, sans 
hypothese ni resultats de mesure. 

Archives N^erl. (2), 13, 268, 1903. (No. XII de ees m6- 
moires-ei p. 186). 
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7. Afin d’obtenir ime repoiise experimentale a 
cette question, j'ai reuni sur une meme plaque 
photographique les figures decrites au § 6 et les 
raies non modifiees. Mais je reconnus bientot que 
ee n’etait que dans les champs excessivement in- 
tenses que pour la raie 5791 la separation entre les 
raies medianes, dans le champ et hors du champ, 
etait assez notable pour permettre en quelque sorte 
d’effectuer des mesures; voila pourquoi je nhnsis- 
terai pas sur ces experiences. Mais je desire com- 
muniquer encore un detail relatif au tube vide a 
mercure que j ’ai employe dans toutes mes experien- 
ces dans des champs intenses. Ce tube etait de la 
forme mentiomiee anterieurement, preconisee par 
Paschbf, I, capillaii’e assez large. Mais la partie 
du capillaire qui se trouve dans le champ peu etendu 
est etiree, de sorte que ce n’est que dans cette partie 
que le capillaire a une petite section. Les poles 
magnetiques peuvent done etre forteraent rap- 
proch4s, sans que pourtant la resistance clectrique 
atteigne des valeurs particulierement grandes. 

8. Pour les mesures j ’ai opere f inalement de la 
fagon suivante. La fente du spectroscope auxiliaire, 
servant ^ I’analyse preliminairc de la lumiere, fut 
elargie, de fagon ^ voir dans le spectroscope a 
echelons ^ la fois les deux raies jaunes du mercure. 
Les degres de 1 ’echelon furent places parallMement 
a la fente du spectroscope auxiliaire. L ’image du 
tube vide, projetee sur la fente, fut ehoisie de 
telle fagon qu’on ne pdt analyser que la lumiere 
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Tenant de la partie-homogene du champ. En plag-ant 
mi petit ecran mobile devant la plaque photogra- 
phique, il fut possible de reproduire au milieu de 
eelle-ei les raies somnises a 1 ’influence magnetique, 
tandis que les raies dans un champ nul furent 
reproduites dans les parties superieure et inferieure 
de la plaque. Les cliches ainsi obtenus eonfirme- 
rent le resultat du § 5 relatifs au deplacement de 
la raie 5791 vers le rouge. 

Pour la raie 5770 le deplacement est excessive- 
ment petit. D’ailleurs ees mesures ne furent pas 
effectuees completement, parce que, dans le cours 
de ees recherches, Gmeliit i) publia sur le meme 
sujet line note qui fit perdre leur interet a mes 
mesures. Gimeltn traita la meme question d’lme 
autre fa?on. Le pouvoir resolvant partieulierement 
eleve de 1 ’echelon dont il s’est servi lui permit de 
pousser 1 ’etude quantitative plus loin qu’il ne 
m’aurait ete possible de le faire. 

Ce qui precede prouve suffisamment, je pense, 
1 ’exactitude de 1 ’observation, relative a I’asymetrie 
dans la direction des lignes de forced), que Je ne 
communiquai que sous reserve, mais qui me poussa 
a faire 1 ’etude decrite ci-dessus. 




Physik. Zeitschr., 9, 212, 1908. 

Archives N4eii. (2), 13, 289, 1908 (No. XII de ces in4- 
moires-ei p. 218). 
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II. OBSERVATIONS A L’AIDE DE LA METHODS DE 
FABRY ET PEROT 

LA LOI DU DEPLACEMENT DE LA RAIE MEDIANS 
D’UN TRIPLET DANS LE CHAMP MAGNETIQUE 

9, Les observations faites a I’aide d’un spectro- 
scope a echelons, et decrites dans les paragraphes 
precedents, ont mis hors de doute Fexistence d’un 
deplacement de la composante mediane. Ce deplace- 
ment, G-melin et Jack ■‘^) le deeouvriivnt en meme 
temps que moi. Gmeltn le premier donna la loi du 
deplacement pour la raie 5791 du mercure; d’apres 
lui la variation de longueur d’onde est proportion- 
nelle au carre de la force magnetique. 

Dans le chapitre III d’un travail antcrieur 2) 
j ’ai communique les mesures relatives la decompo- 
sition asymetrique de la raie 5791 du mercure. Si 
Ton met cette asymetrie totalomcnt sur le compte 
du deplacement de la raie mediane vers le rouge, 
on devrait conclure des nombres que j’ai commu- 
niques que le deplacement ddpend de I’intensito du 
champ d’une fa^on qui est sensiblemont lineaire. 
Cet examen a ete effcetue a I’aide d’un r^soau de 
RovncAHTD et son but principal etait de prouver 
1 ’existence d’une decomposition asymetrique. Ce 
but fut atteint, mais je erois avoir donn6 une trop 
grande valeur h la precision des mesures du degr4 


Voir VoiOT, Maffnoto-optik, p. 178. 

») Archives N6erl. (2), 13, 267, 1908 (No. XII de cos Ta6- 
moires-ei p. 185). 
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d’asTmetrie, d’ailleurs tres diffieiles. Dans des 
cliamps de Tordre de 20.000 gauss Fasymetrie 
atteint 35 milliemes d’une unite Angstrom, et 
conrnie le reseau dont je me suis serri permettait 
de separer, dans le spectre du premier ordre, oil 
j ’observais, des raies distantes de 0,12 u. A., on se 
trouve dans les champs en question quatre fois plus 
bas que la limite du pouvoir separateur. 

C’est uniquement parce que dans cette determina- 
tion de Fasymetrie on a affaire a une difference 
de deux grandeurs tres petites, superieures a la 
limite posee par le pouvoir separateur, qu’une 
mesure a ete possible. 

Mais si Fon pose des exigences excessives k la 
methods employee, des sources d’erreur peuvent se 
faire sentir, provenant en parti e de notre fagon de 
juger la distance de deux raies voisines, pour une 
autre partie des particularites dans la formation 
des images par im r4seau, particularites qui n’ont 
pas encore ete suffisamment examinees. 

Voil^ pourquoi il est certainement recomman- 
dable, dans Fexamen minutieux du deplacement de 
la raie medians d’un triplet, d ’avoir recours a une 
m6thode qui garantit mi pouvoir separateur plus 
61eve. 

Dans ses reeherches Gmemn a fait usage du 
spectroscope ^ Echelons de MioiDELSOisr et il parait 
qu’il a completement reussi a interpreter quantita- 
tivement les r^sultats foumis par son etude syste- 
matique au moyen de cet instrument. Le resultat 

xm 



234 


qu'il a obteiiii a done line grande probabilite et 
d’ailleiirs il est confirme par la theorie, qiie Yoigt 
a donnee pour de fortes asynietries et dans laquelle 
on admet qu'il s’etablit des liens entre les electrons. 

10, Pouifant il m’a semble qu’il valait la peine 
d’exanimer la question d’uiie nianiere indepenclante 
du spectroscope a echelons et du reseau de Eoiit,axd, 
et pour cela la methode de Fabry et Perot etait 
tout indiquee. La plupart des mesures ont ete faites 
a I’aide d’un etalon de 5 mm., que j’ayais deja 
employe anterieurement ; quelques determinations 
ont ete faites avec un autre etalon, dans lequel la 
distance des plaques etait determinee a Paide de 
pieces en invar, et que M. Jobin avait construit pour 
moi. Par I’emploi d ’invar, propose par Perot et 
Fabry, 1 ’influence d’un changement de temperature 
de 1 ’etalon sur le systeme d’anneaux, pendant 
la duree de I’experience, etait considerablement 
diminu^e. 

Dans cet etalon I’epaisseur de la couche d’air etait 
de 25 mm. Mais avec cette epaisseur on est dejh 
tout pres de la limite d’utilite de la methode, pour 
la raie 5791 du mercure placee dans le champ 
employe. Aussi la precision des resultats obtenus 
a I’aide d’un etalon de 25 mm. n’est-elle pas Men 
plus grande, dans notre cas, que celle qui est atteinte 
au moyen d’un etalon de 5 mm. 

J’ai deja decrit en detail I’appareil employe, 

Voigt, Magneto-optik, p. 261. 

Archives N^erl. (2), 13, 276, 1908 (No. XII de ces mA 
moires-ci p. 199). 
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Pour le but que je me proposals maintenant il 
s’agissait d ’observer exelusivement les vibrations 
parallMes a la force magnetique. A cet effet un 
rbomboedre de caleite fut place entre la source 
lumineuse et la premiere lentille. Des deux images 
que le tube a vide projetait ainsi sur I’etaloii, eelle 
qui etait inutile fut rendue inefficace au moyen 
d’un ecran. Avant de faire mie epreuve photogra- 
phique avec le tube dans le champ magnetique, et 
apres I’avoir faite, on en fit une dans im champ 
magnetique nul. 

Outre I’anneau interieur on soumit aussi a des 
mesures le deuxieme anueaii et parfois aussi le 
troisieme et le quatrieme ; les donnees ainsi obtenues 
servirent aux calculs. 

La formule qui servit aux calculs est celle que 
Fabry et Perot domierent les premiers, avec la 
simplification qu’on pent lui faire subir dans notre 
cas ^). 

Le tableau suivant contient les resultats relatifs 
a la raie 5791 du mercure. La premiere colonne 
donne le numero d’ordre de I’experience, la deuxie- 
me le numero de la plaque photographique ; AX o est 
le changement de longueur d’onde de la raie moyen- 
ne. Les intensity des champs sont contenues dans 
la demi^re colonne. Les valeurs relatives, seules 
neeessaires pour juger de la loi de relation entre 
le diplacement et I’intensite du champ, sont exaetes. 


Zeeman. Ibidem, p. 278 (ici p. 202). 
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Pour etre rMuites en gauss, les iiitensites doniiees 
ici devraient etre augmentees de 1 a 2 


Experience 

Plaque. 

A>o en u. A. 

Intensite. 

1 

208'’ 

0.0085 

12700 

2 

209^ 

0.0088 

12700 

3 

211 

0.0169 

20700 

4 

212'’ 

0.0074 

13950 

5 

214'’ 

0.0201 

20600 

6 

218® 

0.0367 

28250 

7 

218'* 

0.0358 

28250 

8 

219® 

0.0360 

28250 

9 

220® 

0.0353 

29170 

10 

220'* 

0.0406 

29780 

Les experiences 4 et 

5 ont ete faites a I’aide 


I’etalon de 25 mm., les autres avec celui de 5 mm. 
La figure a la page suivante represente grapMque- 
ment les resultats. Pour donner une idee de la 
petitesse des deplacements, Je ferai remarquer que 
les composantes exterieures du triplet de 5791 vien- 
nent a une distance de 0,500 u. A. de la situation 
primitive dans un champ de 29750 gauss; or, I’or- 
donnee eorrespondant a 0,500 u. A. aurait sur la 
figure une longueur de 75 cm. 

Les resultats 1, 2 et 4 ont ete reunis en un seul, 
de mSme que 3 et 5, et 6, 7, 8, 9, 10 ; cette combinaison 
a ete faite tout simplement en prenant la moyenne 
des deplaeements d’une part, des intensites du 
champ d ’autre part, Les valeurs ainsi obtenues 
ont ete indiquees par des croix; par ces croix et 
xm 



237 


I’origiiie on pent faire passer avec grande approxi- 
mation ime parabole. 



La figure prouve, comme un simple calcul d’ail- 
leurs, que les deplacements suivent, dans les li mites 
des erreurs experimentales, ime loi quadratique. On 
pent admettre que dans chacun des dix cas observes 
la grandeur du d^placement a ete mesurde a 0,002 
ou 0,003 u. A. pres. 

Pour faire voir comment les nombres A X© ont ete 
obtenus, je vais developper les calculs pour un 
des cas. 




Ao=6791u.A. 5 = 12700 
^)talon Id = 10 mm 5=120 mm. 
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Xq, cliametres des aimeaux en mm. 

Xf) moyemie de 2 epreiires faites avant et apres 

Premier aimeau: 

Xq = 3,662 Xr? == 13,410 
° 0 , 

Xjjj = 3,640 Xjy^ = 13,250 
Deuxieme amieau: / 0.171 

X. = 2,608 Xa^ = 6,802 1 

® 0 . g g2 

= 2,573 xj=^ 6,620 I 

AAo = = 0,0086 n. A. 

Poui‘ le triplet 5770 du mereure je n’ai pas pu 
eonstater de deplacement de la raie mediane. Void 
les r&ultats que j’obtins pour les diamdres des 
atmeaux, dans mi champ de 28250 gauss, avec 
I’etalon de 5 mm. 

!«>• anneau 2"^ anneau 

2,199 3,409 hors du champ. 

2,193 3,408 dans le champ. 

2,199 3,394 hors du champ. 

Dans les limites d’erreur de I’observation la raie 
mediane de 5770 occupe done exactement la place 
de la raie non modifiee. 

11. Yon Baeyek et G-ebdbcke ont examine la de- 
composition magnetique dans des champs de faible 
intensite pour diverses raies du mereure i). Dans 

’■) Vox Bayer et Gehrcke, Ueber den Zeemaneffekt in 
seliwachen Magnetfeldem, Verhandl. d. deutsch. physik. Ge- 
sellsch., 8e ann4e, p. 399, 1906 ; lOe an., pp. 357 et 423, '1908. 
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leurs recherches ils firent usage du spectroscope a 
interferences de Lr3J3iER et (xehrcke et purent 
mesurer la decomposition pour diverses intensites 
du champ depuis 500 gauss. Dans des champs de 
rordi*e de 1000 gauss, vox Baevee n’chseixa aucune 
asymetrie pour la raie jaune du mereure. Cela 
s’accorde avee les resultats du § 10 et eeux de 
Gmelest. II resulte du tableau du § 10 que dans im 
champ de 28740 gauss le deplacement de la raie 
medians est de 0,0369 u. A. Si 1 ’asymetrie est reel- 
lement proportionnelle au carre de I’intensite du 
champ, sa valeur dans un champ de 1000 Grauss n’est 

que de 2 X 0,0369 X =0,000090 u. A., ce 

qui est trop faible pour etre observe avec les appa- 
reils spectraux actuals, meme ceux dont le pouvoir 
separateur est le plus grand. 


Ce memoire consiste an fond de denx memoires qui avaient 
paru d6ja auparavant autrepart et qui out 6t6 reunis dans : Ar- 
chives nSerlandaises des sciences exactes et naturelles (2) 14, 
pp. 267 — 277, augmentes et modifies et quelques details. C'est 
cette forme que nous rSimprimons ici. 

Pour la premiere fois ils out ete publics dans: Zittingsver- 
slagen der Kom Akademie van Wetenschappen te Amsterdam, 
VoL XVI pp. 61S— 622, 29 fevrier 1908, et pp. 855—858, 
24 avril 1908 (chapitre I) ; Vol. XVII pp. 541 — 545, 24 d6- 
cembre 1908 (chapitre II). 

Des traductions anglaises ont paru dans : Proceedings of the 
Royal Academy of Sciences at Amsterdam, Vol. X pp. 574 — 
578, pp. 862—864; Vol. XI pp. 473—477. 

Une edition aUemande a et6 publi^e dans: Physikalische 
Zeitschrift, Vol. 10 (1909) pp. 217—220 (chapitre I) et pp. 
220—221 (chapitre II). 
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XIV. THE DEGREE OP COMPLETENESS 
OF THE CIRCULAR POLARIZATION OP 
MAGNETICALLY DIVIDED LINES 

A luminous gas placed between tbe poles of an 
electromagnet observed along the lines of 
force, gives in the simplest case, two spectral lines 
of different wavelengths. These Hnes are situated 
at both sides of the original line. In accordance 
with Loeentz’s elementarj;^ theory my observations 
so far published tend to show almost perfect 
polarisation of the lines of this doublet, the pola- 
rization being right-handed for one, left-handed 
for the other of its components. If the direction 
of the field is reversed the sign of the polarization 
becomes opposite. 

Corresponding to the doublet, observed parallel 
to the field, a triplet is seen when the light emitted 
at right angles to the field is analysed. The com- 
ponents of this triplet are linearly polarized. 

Loeentz as early as 1898 1) showed that some 
conclusions concerning the polarization of the 
components of magnetically divided lines can be 
drawn from general principles, independently of 
any particular theory. 

One of these results is that light of a definite 
frequency radiated along the lines of force, can 


Lorentz. Amsterdam Proceedings June 1898, p. 113. The 
Theory of Electrons. Teuhner. p. 149. 1909. 
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never show a trace of linear or elliptic polari- 
zation; it must either be unpolaiized, or have a 
circular polarization, partial or perfect. 

Larmor 1) in 1900 concluded that perfect 
circular polarization of the components of the 
doublet, would prove that the corresponding per- 
manent types of vibration in the molecules are 
exactly circular. 

In order to explain the more complicated 
magnetic effects Voigt 2) specialised the general 
theory of vibrating electric systems by supposing 
particular magnetic links between electrons and 
by introducing the hypothesis that the luminous 
particles take a definite orientation under the 
action of the field. A particular direction, the 
‘‘axis” of each particle, becomes under the action 
of the field parallel to the lines of force. 

A rotation of the particles around this specified 
axis undoubtedly is possible, at least it is not 
excluded. TMs 3*otation has no influence upon the 
frequency. The orbits of the electrons however 
are rotated as also are the orbits of the 
“equivalent” electrons recently introduced by 
Lorentz in order to simplify the theory of 
systems containing a number of electrons. 


Larmob. Aether and Matter, p. 345. 

®) Voigt. Magneto- nnd Elektrooptik, Teubner, Leipzig, 
p. 98. 1908. 

®) Lobentz. Theorie der magneto-optischen Phanomene. 
En^clopadie der mathematischen 'Wissenschaften. V. 3. 
Heft 2. p. 217. 1909. 
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The linear polarization of the light emitted nor- 
mahj' to the field, proves that the orbits of the 
electrons either are straight lines parallel to the 
lines of force or ellipses in planes perpendicular 
to the field. 

The completeness of the cii'cular polarization 
parallel to the magnetic force would prove that 
the ellipses are cii'cles. Partial circular polariza- 
tion however would prove the existence of ellipses 
with all possible fortuitous orientations in planes 
noimal to the field. 

In general one would expect, that the compo- 
nents of a magnetically subdivided line emit 
partially polarized light parallel to the field. 
Without hypothesis or further measurements this 
more general statement must even be regarded 
as the most probable. A quantitative examination 
of the ratio of circularly polarized light contained 
in the total light emitted by the components, has 
not been made till now. 

2. My observations with Rowland’s grating 
are consistent with the opinion that the radiation 
of the components of the doublet is accompanied 
by a rather high percentage of ordinary light. 

The brightness of grating spectra is only small 
compared with the intensity of the original, inci- 
dent light. The amount of ordinary light contained 
in the total radiation of the doublet easily could 
remain below the limiting value necessary for 
perception, and notwithstanding its intensity 
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compared with that of the spectral line be by no 
means small. 

In order to decide experhnentally between the 
two possibilities, I have made some experiments 
on the completeness of the circiilar polarization. 

As regards intensity of hght Michelson’s 
echelon spectroscope certainly surpasses all other 
spectroscopes of high resolving power. It there- 
fore was the most suitable instrument for the 
projected experiments and satisfied a first con- 
dition I had to attend to. 

A second condition to be satisfied for the pro- 
jected experiments is that the source of hght be 
as intense as possible. 

I therefore for the present only investigated 
the spectra of sodium, mercury and thallium, 
which can be obtained with gi’eat intensity. These 
few elements moreover have the advantage of 
exhibiting several different types of magnetic 
separations. 

The methods used for the investigation of the 
circularly polarized hght are given in § § 3 — ^5. 
Particulars concerning the sources of hght are 
contained in § 6. The observations and conclusions 
concerning the chief subject of this paper form 
the end of this communication § § 7 — ^13. 

3. Verification of the circular analysers. 

In order to investigate the circularly polarized 
hght of the components it is simplest to use 
either quarter-wave plates or Peesnel’s rhomb. 
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Tlie last contrivance lias the advantage of 
suiting simultaneously the necessary conditions 
for a large part of the spectrum. The quarter- 
wave plates, however, can he selected only for a 
very limited part of the spectrum. They can easily 
be adjusted for the purpose in view rather by 
splitting mica sheets. 

The interference colour exhibited, when the 
plate is placed between crossed nicols, in parallel 
light, gives a measure of the retardation produced. 

As the estimation of this colour is, however, 
always a matter of some difficulty and if a 
somewhat gi'eat accuracy is desired, it is a much 
better plan to analyse the light leaving the 
second nicol with the aid of a spectroscope. The 
results become more accurate, if one combines a 
moderately thin plate of double refracting crystal 
with the mica sheet. The simple theory of the 
dark bands, now visible in the spectrum, is well 
known and needs not to be given here. Since the 
time of Fizeaxj and Fotjcault many physicists 
have used them for the measurement of phase 
differences, i) 

A plate of quartz, cut parallel to the optical 
axis,' and of about 2 m.m. thickness, gives 
18 bands between the red and violet hydrogen 
lines. 

These bands are most distinct, if the principal 


See f. i. CoEOTJ in the paper cited sub 3. 
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sections (»f the iiicols ancT the mica be inclined at 
an angle of 45°. 

If the niica and the quartz plate be superposed 
in such a manner, that the principal sections 
cori’espond, a displacement of the bands in a 
certain sense, e.g. towards the red is observed. 

If then the mica be rotated through 90° the 
displacement is towards the violet. 

The amount of the total displacement observed, 
bv the interchange of the two positions of the 
mica, is easdv measured. The ratio of half this 
displacement and the distance of two succeeding 
bands gives the difference of phase produced by 
the mica for the region of the spectrum imder 
consideration. 

Konig 1) and Ooknu 2) suggested the use of a 
double quarter-wave plate vith horizontal boun- 
dary line for the easier observation of the longi- 
tudinal magnetic effect. 

I myself often make use of mica plates of the 
same land but divided into three fields, as indi- 
cated in the figure. The principal sections of the 
fields are indicated by the arrows. 

Such a three-fold plate is made nearly as easily 
by the experimenter as a double one, whereas for 
measurements its use allows of a somewhat 


1) W. Koniq, Wied. Ann. 63 S. 268. 1897. 

*) A. Goknu. 0. R. 125 p. 555. Oetobre 1897, Eelairage 
Bleetriqne 13 p. 246. 1897. 
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higher accuracy by reason of the symmetry of the 
field of Tiew. 



Using either these double or three-fold mica 
plates one immediately gets the total displacement 
of the bands, if a quartz plate be superposed and 
the combination placed between crossed nicols. 
An image of the horizontal lines of separation is 
projected by means of an achromatic lens upon 
the slit of a spectroscope. 

In fig. 1 of Plate IX a photograph taken with 
a three-fold micaplate is given. The relative retar- 
dation produced by the mica is a quarter of a 
wave-length, if the distance of two bands in the 
outer fields is just halved by one in the middle 
field. 

A comparison spectrum from X = 6563 (H) to 
X = 4078 (Hg) is taken simultaneously. How large- 
ly the phase-difference in the mica depends upon 
the wavelength is very clearly shown. 

4. Presnei/s rhomb gives, as is well known, 
circularly polarized light after two total reflexions 
of light polarized at an azimuth of 45°. 
xrv 
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This arrangement, if perfect, has the advantage 
of giving circularly polarized light for all colours 
of the whole visible spectrum. I examined as to 
how far the rhomb at my disposition satisfied the 
requirements imposed by the object I had in view. 

The chief purpose of my investigation requires 
a rather close approach to the ideal condition. For 
this reason and also because, as far as I know, 
E^bsnel’s beautiful invention was never investi- 
gated by the method of interference bands, I may 
be allowed to give a more extensive treatment of 
the results than I otherwise would have contem- 
plated. 

In order to obtain also with Fresnel’s rhomb 
two fields in which the bands are shifted in oppo- 
site directions, the rhomb is to be combined with 
a double plate, I used a double-plate made of 
a plate of quartz, 1.7 m.m. thick, and cut parallel 
to the axis. This plate is cut in two halves by a 
line making angles of 45° with the principal 
section; one half is then rotated round an 
axis perpendicular to the line of separation, 
through 180°. 

Fig. 2, PI. IX, was obtained by means of this 
doubleplate and a rhomb, many years old and 
belonging to the collection of the Amsterdam labora- 
tory. The deviation from an ideal apparatus is 
very apparent on inspection of the photograph. 


1) Of. CoBiJU 1. c. 
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Measurement shows that the bands are shifted from 
the ijositioii they should occupy mth an accurate 
quaifer-wave apparatus, by an amount, which in 
the red is nearly 11 % of the distance of two 
succeeding bands. In the green and violet this 
amomit becomes 9 resp. 10.5 %. 

5. Much smaller deviations gives a recently ob- 
tained rhomb, as is readily seen by comparison of 
the photographs 2 and 3 of PI. IX. 

A somewhat higher accuracy was still obtained 
by interchanging the prism of the spectroscope 
used by a more dispersive one. It now, however, 
became impossible to photograph the whole spectrum 
at one operation. Fig. 4 and Fig. 5 fPl. X) have 
been obtained with the old FRESureL-rhomb and the 
higher dispersion. With the last dispersion and the 
new rhomb one can without measurements scarcely 
decide upon the sense of the error in the relative 
position of the two band systems (see Fig. 6 and 
Fig. 7). The deviation of a band in one field, from 
the centre of two bands in the other, never exceeds 
3.2 % of the distance of the bands. (The deviations 
are 1.7, 2.6 and 3.2 % for the red, green and violet). 

Let the deviation, defined in this manner, be 
p percent, then the corresponding error of the phase 

becomes ~ X 360° = 1.8p degrees. For the green 

p is about 3 %, hence 5°. 4. An error of this amount 
in the phase difference of 90°, which exists between 
the two linear components into 'which circularly 
XIV 
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polarized light can be resolved, mav easih" be shovna 
to have no influence in the case of the measurements 
of intensity described in § 7. 

Let completely circularly polarized light be 
incident upon the rhomb, then the light after re- 
flexion by the rhomb, giving a retardation of 90° 
diminished or increased with a small angle may 
be represented by: 

X = a cos nt ) 

y — a cos [nt + 3) 

Hence 

a® — 2xy cos 3 y^= a? sin^ 3. 

The principal axes of this ellipse become : 
i a V2 sin ^ and a V2, hence their ratio i sin 

When ^ = 6°, then i sin $ — 0.0522. 

The intensity of the light leaving a nicol \vith 
its plane of vibration perpendicular to the major 
axis of the ellipse, becomes (0.0522)2 = 0.0027. 

As the minimum intensity, which under the cir- 
cumstances of our observations may be recognized, 
will appear to be of the order 0.01, even an error 
twice or three times the one now accepted for 
Feesnel’s rhomb, cannot disturb our results. 

6. Sources of light. Vacuum tubes charged 
with mercury, thallium or sodium, and heated to 
the required temperatures, were used as sources of 
light. The tubes were excited by means of an induc- 
tion coil with high-speed interrupter. 

In order to render the luminosity of the tubes 
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as high as possible, the current in the coil was gra- 
dually increased to the maximum just possible 
without impairing the narrowess of the spectral 
lines. 

In the case of sodium the troublesome separate 
heating of the tube was eliminated by following a 
somewhat modified procedure. Mercury tubes re- 
quire only a prehminary heating, the current once 
started being sufficient to supply the necessary 
heat. It was tried to mix up some fine powder of 
previously heated chloride of sodium with the mer- 
cury. The tube now exhibited, besides the mercury 
lines, the sodium lines with extremely great inten- 
sity. Often only some parts of the capillary are 
radiating; the most suitable part is then selected. 
In the experiments with sodium the coil was 
actuated by an alternate current, a maximum of 
12 amp. being possible before the widening of the 
sodium lines considerably interfered with the work. 

7. Arrmigement of the experiments. A few 
words will suffice to describe the disposition of the 
experiments. 

A DTJ Bois-electromagnet with one perforated 
polar piece was used. The light emitted parallel to 
the field and made parallel by means of an achro- 
matic lens, traversed Fkesnel’s rhomb, then a 
second achromatic lens, which forms an image on 
the slit of the auxiliary spectroscope. 

This preliminary analysis enables us to select a 
definite spectral line for further investigation by 
XIV 
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means of the echelon spectroscope, a more detailed 
description of which I gave on a former occasion i). 
Between the second lens and the slit of the auxiliary 
spectroscope a Xicx)l’s prism was introduced, moun- 
ted upon a divided circle, which gave the rotation 
of the nicol in degrees. 

The front plane of the rhomb was placed accura- 
tely perpendicular to the beam. 

The plane of incidence of the Feesitol rhomb 
was made vertical in most experiments. In a few 
observations it was set at an asamuth of 45° with 
the horizontal plane. 

In the first ease the emergent linear vibrations 
are at an angle of 45° with a vertical line; in the 
second case they are either horizontal or vertical. 

The method of proeedUre is very simple. The 
nearly ideal Fresnel rhomb transforms light of 
completely circularly polarized doublets into two 
perpendicular, linear vibrations. By means of a 
nicol either the one or the other of the lines can be 
completely quenched, provided there is no trace of 
ordinary light in the dovMe lines. 

The observations with the lines investigated, 
indeed show that such must be the ease. The value 
of the result depends upon the sensitivity of the 
method. 

The observations consisted in finding the two 
positions, on either side of the position of extinction, 

Zeemau. Amsterdam Proceedings Nov. 30, 1901, p. 247 ; 
c.f. thm collection paper VII. 
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at whieli the light was just recognizable with 
certainty. 

If a be the angle the nicol is then rotated from 
the zero position, I sin-^ a represents the brightness 
of the emergent light, I bemg the intensity of the 
linear vibration. 

We can be sure that the quantity of ordinary 
light, emitted by one of the components, must be 
below I sin^ a ^ 

8. Results. The observations consist in deter- 
mining the value of a for the different spectral 
lines. I will arrange the results according to the 
different types of subdivisions, observed normally 
to the field. 

Triplet, mercury, X = 5791, doublet parallel to 
the field, a = 7° sin^ a =-0.0144. The observation 
is somewhat hindered by satellites of the principal 
lines. 

Triplet, 1 — 5771, doublet in direction of field. 

In extremely strong fields every component is 
resolved into three lines. This strength of field was 
not reached. 

X = 5° sin^ X = 0.0076. 

Quartet, sodium, X = 5896, doublet in direction 
of field. 

x = b° sin^ x = Q 0076. 

Sextet, sodium, X = 5890, quartet in direction of 
field. 

* = 6“ sm^ X = 0.0108. 
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Nonet, mercuiy, X = 5461, strong green mercury 
line, sextet in direction of field. 

« = 5° sin ^ X = 0.0076. 

Sextet, thallium, X = 5351, quartet in direction 
of field. 

« = 8® sin ^ X — 0.0196. 

Probably a loAver limit can be obtained, when a 
more satisfactory thallium tube is made use of. 

9. Influence of reflections from the walls of the 
vacuum tube. 

In the coui'se of the investigation different mer- 
cury tubes were used. With one of these I had the 
oppoifunity of repeating an observation, made on 
a former occasion^), under very less favourable 
circumstances. I will give some details for a case 
of simple magnetic separation. 

The yellow mercury lines split into two compo- 
nents, if the light is examined parallel to the field. 
Obseiwing in the latter direction and while using 
a new tube I was astonished to see the yellow 
mercury lines divided into triplets, the three com- 
ponents being of equal intensity. The plane of 
incidence of the rhomb was under this observation 
vertical. The intensity of the central line of the 
triplet was a maximum when the plane of vibration 
of the nicol was horizontal, being zero when it was 
vertical. The central line apparently is linearly 

Zeeman, Amsterdam Proceedings 29 Pebr. 1908, p. 573; 
c.f. this collection paper XII, p. 218. 

Lohmann, Diss. EUille S. 62, 1907. 
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polarized. It is easily seen by means of a figure 
that this central line may be due to hght, emitted 
nearly at right angles to the direction of the field, 
and, after being reflected once or twice from the 
inner surface of the capillary, emerging in the 
direction of the axis of the electromagnet. 

Apparently in the direction of the axis a doublet, 
circularly polarized, is seen superposed upon a 
triplet with linear polarization. In the specified 
position of the Fresnel rhomb, at an azimuth of 
45° of the nicol one of the components of the 
doublet, after a rotation of 135° the other compo- 
nent must vanish; then, however, the vertical com- 
ponent of the r-e£lected triplet stiU must remairr 
visible, its intensity being halved, because the prin- 
cipal section of the nicol makes in the case now 
considered arr angle of 45° with the vertical line. The 
outer comporrents of the yellow mercury triplets 
only have about one half of the intensity of the 
central componerrt, hence, if expressed in the inten- 
sity of the latter only % remains for the vertical 
vibrations. Observations wholly confirms this. 

If the FresneIj rhomb be brought into such a 
position that the plane of incidence makes an angle 
of 45° with the horizontal plane, the central com- 
ponent must be expected to exhibit circular pola- 
rization. 

This also was confirmed by observation, as other 
conclusions to be drawn in the case now under 
review. 
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I may be permitted to mention that the central 
component in the ease of the mei*cury line 5790 has 
an asymmetrical position; symmetrical, however, in 
the ease of 5771. This appearance corresponds 
exactly to what is observed in a direction normal 
to the lines of force ^). 

The described phenomena in so far as they are 
due to the reflected light, ordinarily are only just 
recognizable, the intensity of the light being rather 
smalL The capillary used in the last mentioned 
observations was of wide bore. With fine capil- 
laries the intensities of the reflected components 
are considerably weakened. 

The diameter of the luminous filament, which 
emits the most intense bght, and which is visible 
while the vacuum tube is subjected to magnetic 
forces, inobably has as much influence as the width 
of the capillary in determining the intensity of the 
reflection phenomena under consideration. The 
results of § 8 have been obtained with tubes exhibit- 
ing only slight perturbations due to reflected light. 

10. The middle component in one or two of the 
experiments appeared to exhibit only nearly plane 
polarization. The reason of the very small eUip- 
ticity of the reflected light might perhaps be due 
to the eUiptie polarization, which Yoigt predicted, 
in the case light is emitted in a direction inclined 
to the lines of force. 

—4 

Zeeman, Amsterdam Proceedings 30 Nov. 1907, p. 351; 
c.f. this collection paper XII, p. 185. 
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Sucli obliquely emitted light undoubtedly contri- 
butes to intensifying the observed central line. 

A somewhat faulty position, however, of 
Fresnel’s rhomb also may be responsible for a 
slight eUipticity of the polarization. New exper- 
iments of course are wanted before the predicted 
elliptic polarization can be considered as proved 
bj’^ experiment. In my present observations only 
a very first trace of the effect may perhaps be 
operative. 

11, Before leaving the subject of reflections in 
the tube, one point may be considered somewhat 
more in detail. It is possible that the circularly 
polarized light of the components of the doublet, 
reflected back in the original direction may disturb 
the purity of the observed effect? 

The same electron, which emits right-handed 
circularly polarized light in the direction of the 
lines of force, which, let us assume, proceed to us, 
in the opposite direction sends left-handed circu- 
larly polarized light of the same period. By reflect- 
ion, however, the sense of the circular polarization 
is reversed, hence the direct as well as the reflected 
beams enter the eye right-handed circularly 
polarized. The only effect is an increasing of the 
intensity of the doublet components. It is easily 
shown that also multiple reflections from those 
parts of the wall of the capillary, which are normal 
to the field, will only modify the intensity, 

12. Experiments with absorption lines. I have 
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made also some experiments on the sensitiveness of 
the inverse effect, a sodium flame placed between 
the i^erf orated poles of a large du Bois-electro- 
magnet being traversed by the white light of an 
arc-lamp. A large concave Rowland gratiug was 
made use of for the analysis of the light. The 
R 0 W 1 .AND grating can be used for the study of the 
inverse magnetic effect, because the brightness of 
the arc-lamp more than compensates the feeble 
reflection by the grating. 

A double quarter-wave plate and a nicol are 
traversed by the bearo. By means of the mounted 
nicol the right-handed circularly polarized compo- 
nent in one pai-t of the field, the left-handed ia the 
other can be made absolutely black. The corre- 
sponding position of the nicol we call the zero- 
position. In this position not the slightest trace of 
absorption can be seen at the jdaces of the other 
components, which only appear after a considerable 
rotation of the nicol. The positions of the nicol, 
on either side of the zero-position, were found at 
which the earliest recognition of the absorption 
lines was possible. The first trace of the lines only 
became visible after a rotation of 20° from the zero. 
Hence, we conclude, that the absorption must al- 
ready be considerable before being perceptible and 
that ordinary light in the components of the doublet 
can be recognized more readily by observations on 
the direct effect. 
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13. Conclusions. I tliiiik I have proved by the 
experiments described: 

(1) that we must accept, till the contrary has 
been proved, that in the ease of line spectra the 
displaced componejits of magnetically subdivided 
lines, emit parallel to the lines of force completely 
circularly polaiized light, 

(2) that the amount of ordiuary light which 
might be emitted simultaneously with the circularly 
polarized light, is in the case of several spectral 
lines less than 1 % of the total intensity of the 
spectral line. 

As the intensity of light of the apparatus used 
(RonuAim’s grating, then Michelson’s echelon) 
has increased, so the percentage of ordinary light, 
possibly present, has decreased. 

We must conclude, that the orbits of the equiva- 
lent electrons, in planes normal to the magnetic 
force, are with great approximation circles. Elliptic 
orbits, foi’tuitously distributed in planes normal to 
the field, need not be conjectured for the repre- 
sentation of the phenomena. 

Rather closely connected with the subject of this 


I expressly speak of displaced components in order to 
except a component which, has the same position as the nn- 
modified line. The groups of oppositely circularly j^larized 
components then have a central line in common, which must 
be unpolarized. The quintets A = 3788 01 and A == 3743.45 
of the iron spectrum, investigated by H. Becquerel and 
DEsaLiANURES and lately measured by Mrs. van Bilderbeek in 
the Amsterdam laboratory, provide examples of the type. 
[Note added to the english translation]. 
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paper, are the latest investigations of Jean Bec- 
QrEREL 1) and A. Dxtoxje ^). Dufour obtained 
various new results concerning the banded emission 
spectra of the alkaline-earth fluorides and chlorides 
radiating in a magnetic field and in some cases 
observed incomplete circular polarization. Several 
absorxDtion bands of xenotime and tysonite accor- 
ding to J. Becquerel *) also exhibited incomplete 
circular polarization in a longitudinal magnetic 
field. He showed, however, lately 2 ) that in the 
ease of these erys^tals there is no real incomplete 
polarization, but that under the action of the mag- 
netic field besides the principal components, others 
of slightly different wavelength, come into exist- 
ence, which exhibit a polarization opposite to that 
of the principal lines. 


This paper was first published in: Zittingsverslagen der 
Kon. Akademie van Wetenschappen te Amsterdam, October 30di 
1909, Vol. XVIII pp. 317 — 328. A translation, which has been 
reprinted here, appeared in: Proceedings Royal Academy of 
Sciences at Amsterdam, Vol. XII pp. 345 — 356. It has been 
published also: Archives Neerlandaises (2) 15, pp. 179 — 191 
and: Physikalische Zeitschrift, Vol. II (1910) pp. 1 — 1 . 

p. 259. The edition in: Archives Neerlandaises also men- 
tions in this connexion the work of H. nu Bois and G. Elias, 
Arch. N6erl. (2) 14, p. 87. 


Jean Becquerel C. R. T. 145, p. 413. 1907. 

A. Dufour C. R. T. 146, p. 118 et p. 229. 1908. Journal, 
de Physique Aviil 1909. 

*) Jean Becquerel. Amsterdam Proe. p. 146. June 1909. 
Contribution a la eonnaissance du phSnomlne de Zeeman dans 
les cristaux. See also supplement No. 20. Leyden Commu- 
nications. 
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XV. THE MAGNETIC SEPARATION OF 
ABSORPTION LINES IN CONNEXION 
WITH SUN-SPOT SPECTRA 

A S a consequence of the intimate connexion 
between emission and absorption, there exists, 
closely corresponding to the magnetic separation of 
emission lines, a magnetic division of absorption 
lines. The dark lines which appear in a continuous 
spectrum, if a beam of white light traverses an 
absorbing flame, are divided and polarized under 
the influence of magnetic forces in exactly the same 
way as the emission lines. This correspondence 
between emission and absorption was shown to exist 
in some of the earliest experiments on the subject 
by one of the present authors. Our knowledge 
of emission spectra under magnetic influence 
has since been extended considerably.- The experi- 
mental study of the inverse effect, i. e., the mag- 
netic division of absorption lines has, however, 
advanced less. 

After the first experiments of the first-named 
of the authors of this paper, the change of absorp- 
tion lines in a magnetic field was studied by 
Konig and Cotton ; Right made an elabo- 
rate study of the subject, to which we have to return 
later on. It contains the only investigation of the 

Konig. Ann. d. Phys. Bd. 62. 240. 1897. 

®) Cotton. Eelairage Illectrique. 5 ct 26 mars. 1898. 

Righi. Sul fenomeno di Zeeman nel easo generale d’un 
raggio luminosa eomunque inelinato sulla direzione della forza 
magnetica. Mem. di. Bologna, 17 Dicembre 1899. 
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magnetic effect in a direction inclined to the lines 
of force. Closely connected with our subject are 
finally some observations by Lodge and Davies 
on the influence of a magnetic field on flames emit- 
ting ‘“reversed" lines. 

The consideration of the inverse effect forms the 
basis of ^'oigt's magneto-optical theories ; and 
it is considered also by Lorentz in his investiga- 
tion of the magnetic separation in a direction 
inclined to the line of force. 

Theory indicates different points, which may be 
tested by experiment. The inverse effect has be- 
come of supreme interest in solar physics, since 
Hale’s discovery that the dark lines of the sun- 
spot spectrum exhibit the characteristic phenomena 
of magnetic separation. 

The experiments we intend to describe in the 
present communication relate to the division of the 
sodiiun Imes and B^. Some of our results may 
already be found in the work of the authors cited, 
but in order to present the subject in a connected 
form it seemed necessary not to exclude these. 

The facts now ascertained in combination with 
former results appear to be of some value in explain- 

Lodge and Davit:s. Proc. R. Soc. 61, 413. 1897. 

2) W. Voigt. Magneto- nnd Blektrooptik. Chapter IV and 
the papers there ei^. 

®) H. A. Lobentz. Amsterdam Proceedings, Vol. XII, 
p. 321, 1909. 

*) G. E. Haus. On the probable existence of a magnetic field 
in sun-spots. Contributions from the Mount Wilson Solar Ob- 
servatory Nr. 30. 1908. 
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ing peculiarities observed in sun-spot spectra. Some 
instances vrill be given later on. 

2. Type and relative amount of the magnetic 

division of the sodium 
emission lines, X>i and B 2 , 
are given in Pig. 1, 

a represents the obser- 
vations when the line of 
sight is at right angles to 
the magnetic field, & when 
it is parallel to the field. 

In a weak magnetic field I >2 exhibits the triplet 
type at right angles to the field; the doublet type, 
if the light is examined parallel to the lines of force. 

seems to exhibit a doublet in both principal 
directions. 

The Frait]ot:ofee lines in the spectra of sun-spots 
investigated by Hale are either broadened, or 
changed to doublets (often incompletely resolved 
quartets), or to triplets. The resolutions exhibited 
by sodium vapour are therefore the very types of 
special importance to astrophysics; this and also 
the facility of producing sodium vapour in the mag- 
netic field induced us to commence our experi- 
ments with this substance. 

3. The explanation of the inverse effect is easily 
imderstood by means of the well-known law of reso- 
nance. If there are in a flame under the influence 
of a magnetic field three periods of free vibrations, 
then we may expect that from incident white light, 
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vibrations of just these three periods will be taken 
away. The absorj)tion is a selective one, ^vith the 
peculiarity that the selection refers not only to the 
period but also to the direction of vibration. Consi- 
der for example the central component of a triplet 
which in the emission spectrum is due to vibrations 
parallel to the field. From incident white light, 
only vibrations corresponding as to period, as well 
as to direction of vibration with the middle compon- 
ent, are absorbed. Vibrations perpendicular to 
the field, though of the period of the mimodified 
line, pass unimpeded. 

On the contrary, white light of periods coinciding 
with those of the outer components is deprived of 
its vertical constituents only. 

It will be clear from these very simple conside- 
rations what we may expect to observe Avith white 
light under the conditions of the experiment. The 
arrangement was the following: White light of the 
incandescent positive pole of an arc-lamp traverses 
a sodium flame, placed between the poles of a 
DTJ Bois-electromagnet. This light is analysed by 
means of a stigmatic spectroscope having a large 
Rowland grating. The observations are made in 
the first order. 

If the observation is made at right angles to the 
lines of force, we see in the continuous spectrum 
4 dark components in the case of Dx, 6 dark com- 
ponents in the ease of D 2 , as represented for both 
lines imder a in the diagrammatical Fig, 1. 
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In order to observe all these components the field 
must be strong and the vapour-density adapted to 
the field. 

The groups of lines indicated by 6 are seen, if 
the light is examined axially. 

All these components, if narrow, are seen only 
diffuse and not black. From the considerations 
above given the reason will be clear at once; each 
of the components absorbs only half the incident 
natural light. With very diluted vapour no absorp- 
tion at all or only very weak traces of absorption 
are seen. 

4. The introduction of a nicol in the beam, before 
or after the field, entirely changes the phenomenon. 
The absorption lines can then be seen very narrow 
and black. 

Let the observation be made at right angles to 
the horizontal field, then, if the nicol is placed with 
its plane of vibration vertical, exhibits its two, 
J ?2 its four outer components. 

After a rotation of the nicol through 90° both X>i 
and give only the two horizontally vibrating 
components. 

Let a beam of natural white light traverse axially 
the magnetized vapour placed between the perfor- 
ated poles of an electromagnet. Then by means of 
a quarter-wave plate and a nicol we may quench 
either the right-handed or the left-handed circularly 
polarized component. 

A combination of a quarter-wave plate and a 
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nieol, eoiivertiiig iueident light into right-handed 
circularly polarized light, may be called a right- 
handed circular analyser. The absorption line corre- 
sponding to a right-handed circularly polarized 
component is seen with both increased clearness and 
darkness by examining it with a right-handed cir- 
cular analyser. 

We introduce this simple matter here because 
there has been occasionally some confusion on this 
subject. 

5. The behaviour of horizontal and vertical vibra- 
tions may be studied simultaneously by using a calc- 
spar rhomb according to the suggestion of Coentj 
and Konig. By means of it wre can obtain two oppos- 
itely polarized images of a horizontal slit of suitable 
width, placed near the magnetic field. 

Right-handed and left-handed circular vibrations 
can be separated on the same plan by the introduc- 
tion of a Fresnel rhomb between the calcspar and 
the slit of the spectroscope. 

It is, however, of considerable interest to examine 
also the behaviour of the lines in natural light. A 
separate examination after the removal of the pola- 
rizers might be made. The vapour density ought 
to be the same in both experiments. It seems diffi- 
cult to realise this in practice. 

The desired end is secured more simply and 
surely, and with only half the labour, by adopting 
the width of the horizontal slit and the thickness of 
•die calc-spar in such a manner that the two images 
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given by the ealc-spar partially overlap. We now 
obtain three strips; the central one exhibits the 
phenomena as seen Avithout po- 
larizing apparatus. (See Fig. 2). 

The upper and lower strips 

1 show the influence of polarized 

light on the i)henomenon. 

^ The observations given in this 

eonunmaication have been made by the method 
desei’ibed. By its use all particulars of the phenom- 
enon are simultaneously exhibited; we also suc- 
ceeded in photographing the essential points. 
Examples of our photographs are given on the 
accompanying plates. 

6. If the absorption lines are not narrow or if 
the magnetic field is weak, the components of a 
magnetically divided line will partially overlap. 
This partial superposition is the cause of some pecu- 
liarities, especially manifest 
in the inverse effect and 
probably also apparent in 
sunspot spectra. 

The nature of these pecu- 
liarities may be illustrated 
by a few examples. We will 
consider the case of the 
magnetic triplet and the 
magnetic doublet. 

In Fig. 3 the curves show 
the distribution of intensity of the three components 
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of a triplet, if the light is examined at right angles 
to the lines of force. If natural light traverses a 
source of light placed in a magnetic field, two black 
bands are seen, corresponding to the wavelength, 
for which vertical as well as horizonta! vibrations 
are absorbed. 

These black bands are surrounded by less dark 
parts, which absorb only one of the principal vibra- 
tions, the other proceeding miimpeded (ef. §§ 3 
and 4). 

If a nicol with its plane of vibration vertical, is 
now introduced, two black bands are again seen. The 
darkest part of these components corresponds 
to the maximum of the curves relating to vertical 
vibrations. 


As a general rule the distance of the components 
, , exceeds that of the lines first 

considered. 

7. Parallel to the lines of 
^ ^ j force a partial, not too small, 

, ’ i overlapping of the components 

• ' . ^5 '' produces a black line limited 

, . y . . ' f . I by two less dark parts. This 

: ease is illustrated diagramma- ' 
y tically in Fig. 4. 

■- The two components may be 

separated by' a circular ana-. 
Fig. 4. lyser. 

These considerations may be applied to the mag- 
netic division in sun-spot spectra; as a general 
rule we may expect that the separatipn of lines in 
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spot spectra becomes more distinct and of larger 
amount by the use of analysers. 

The introduction of a nieol in the beam may also 
reveal lines invisible mthout analyser. 

Several peculiarities observed in the distribution 
of intensity in spot lines, remind one of the super- 
position phenomena now specified^); cf. § 19 
below. 

8. Superposition effects of nearly, though not 
exactly, the same nature occur if lines with the same 
direction of vibration are superposed and if the 
continuous source of light emits impolarised light. 
In the more complicated divisions the superposition 
now specified occurs also. It is just possible that 
the superposition of the outer components of the 
sextet, type produces only dark, that of the 
inner and the next outer components, black lines 
in the continuous spectrum. 

It is easily seen that also in the ease of the 
quartet, type black lines may be produced. The 
darkest parts may be seen somewhat nearer to the 
middle of the complete figure than the outer com- 
ponents of the quartet. 

It seems unnecessary to illustrate this by figures. 
Examples of the actions specified will be given 
presently. 

A figure equivalent to the one now given concerning the 
influence of superposition of magnetically divided components 
was already drawn for emission lines in Zeeman. Doublets and 
Triplets in the Spectrum produced by external magnetic forces. 
Phil. Mag. July 1897 § 6 (c.f. this collection paper II). 
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9. Our obseiTations and. spectrograms also 
relate to the two principal directions (i>arallel and 
at right angles to the lines of force), and to direc- 
tions inclined to the field. 

In the present, first, communication, observations 
are discussed, relating to 5 different angles between 
the field and the direction of propagation of the 
beam (Yoigt’s LoREasrrz^s 5). 

These values are: 90°, 0°, 60°, 45°, 36° — 39°, 

The results of the work relating to these angles 
have been recorded on nearly 100 spectrograms. 

10. Observations perpendicular to the field. In 
the upper of the three strips which are pre- 
sent in the field of view (see § 5), the light vibrates 
vertically; in the lower one, horkontally, whereas 
the middle part relates to natural light. 

Under the influence of the magnetic field we 
therefore see the vertically vibrating components 
as narrow black lines. The quartet of the line, 
the sextet of the D 2 line may be seen very clearly 
by this method. A small disturbance is produced 
by the narrow reversed lines due to the electric arc 
light. The intensity of these lines depends upon 
somewhat variable circumstances of the arc itself. 
In some cases these lines are almost invisible, in 
other eases more prominent. They are to be seen 
on some of our reproductions; with our present 
subject they have nothing to do. 

As regards the central strip we refer to the 
remark previously made, that the image of the 
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separation must become rather indefinite and weak 
(§ 3) because the absorption is only partial. 

The pai*tial superposition of components gives, 
at least in the case of diluted vapour, the most, 
conspicuous liiaes (§§ 6 and 7). 

In the case of the quartet, for example, one 
sometimes sees, instead of four, only two compon- 
ents, situated between the inner and outer ones. 

We made experiments nith different vapour 
densities. The observed phenomena may be classi- 
fied under three phases: 

(1) . The vapour- is very dilute. The components 
are clearly visible in the upper and lower strips. 
In the central strip the absorption is either hardly 
perceptible (Plate XI, Pig. 1) or the components of 
the quartet and the sextet are seen as separate, but 
weak lines (Plate XI, Pig. 2). 

In this phase of the phenomenon the great dif- 
ference of definiteness of the central and outer 
regions is very remarkable. This contrast is stiU 
more marked with eye observation. 

In order to obtain good photographs, it was neces- 
sary to increase the density of the vapour above 
the one required for the observation of the very first 
trace of absorption. 

(2) . Vapour of intermediate density. 

The components in the upper and lower strips 
are now no more separately visible, or only in the 
case of the quai-tet. In the central stripe a super- 
position of the kind mentioned in § 6' takes place. 
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In place of the quartet an ai^parent doublet is seen, 
the components of which are situated between the 
outer and inner components of the quai-tet. This 
case is very clearly represented in Plate XI, Fig. 3. 

The phenomena exhibited by the sextet (I? 2 Ibae) 
become rather complicated. 

The superposition phenomenon is often very 
distinct. The Do, line on Plate XI, Fig. 3 shows the 
appearance sufficiently. 

(3). With stiU dense)- vapoui', the components 
become very broad and the magnetic change hardly 
visible. The polarisatioyi of the edges of the broad 
line may be recognized. This phase is represented 
in Plate XI, Fig. 4. It is corresponds to the emission 
effect as it was fii*st discovered: a slight change of 
broad lines in a weak field. 

With still greater absorption the influence of the 
field becomes imperceptible. 

All these phases appear with great regularity. 
If the intensity of the field is known, it seems pos- 
sible, the resolving power of the spectroscope being 
given, to deduce the density of the vapour from 
the nature of the observed phenomena. 

The phenomena of magnetic division hitherto ob- 
served in sun-spots appear to fall under the second 
and third phases above mentioned. From measure- 
ments of spot lines, compared with laboratory ex- 
periments, Hale deduces a maximum intensity 
of the spot field of 4500 gauss. Hence, one would 
be inclined to think that the density in the layers, 
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which bring about the absorption in the sun-spot 
spectrum can only be small. Moreover, the non- 
uniformity of the field of sun-spots produces by 
itself a widening of the components. Light from 
a limited portion of the spot would give perhaps 
very nari*ow spectral lines. In view, however, of 
the critical remarks of Kayser i) concerning our 
knowledge of the influence of pressure and of tem- 
perature on spectra, aU such considerations must be 
put forward mth great diffidence. 

11. Observations parallel to the lines of force. 
In the present experiments the absorbing vapour 
subjected to magnetic forces is placed between per- 
forated poles. 

After puttiug on the current, one sees in the con- 
tinuous spectrum, 2 dark bands in the ease of I?i, 
4 in the case of Z? 2 > according to the diagrammatical 
Fig. 1. The absorption is incomplete also now, 
because for some wave-lengths only the right- 
handed circularly polai'ized light is absorbed and 
the reverse. In order to observe the separation 
and the polarization a Fresnel rhomb is placed 
with its principal plane at an azimuth of 45° with 
the horizon, a horizontal slit being placed in one 
of the perforated poles. The Fresnel rhomb 
converts circularly polarized into plane-polarized 
light. By means of a calc-spar rhomb three strips 


Kayser. Handbucli. Kapitel V. Bd. II. 
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are now also obtained. The first phase (very dilute 
vapoui-) is represented in Plate XI, Pig. 5. 

Tapour of intermediate density (second phase) 
exhibits the supeiposition phenomena mentioned in 
§§ 7 and 8, and diagrammatically illustrated by 
Fig. I. In the central strip one line, at the position 
of the unmodified one, surrounded by feebly absorb- 
ing regions, is seen. Plate I, Fig. 6 shows these 
lines for the doublet and the quaifet ; especially with 
P 2 the effect is very marked. 

12. Ohservations in directions inclined to the 
field. According to Loeentz’s elementary theory of 
magnetic division one generally observes in a direc- 
tion oblique to the lines of force by an angle & 
a triplet with elliptieally polarized outer compon- 
ents ^). 

The ellipse, which characterizes the state of pola- 
rization of the components with period Tq -j- v, is 
the projection on the wave-front of the circle per- 
pendicular to the field, in which the electron with 
period Tq~{-v is moving, v is a small quantity. 
The direction of the motion of the moving electron 
also determines the motion in the ellipse. The ratio 
of the axes is as 1 to cos 3. For the other outer 
component with period Tq — v, the same reasoning 
holds mutatis mutandis. 

The central line with the unmodified period Tq 
always remains linearly polarized. The vibrations 


Cf. Kighi L c. 
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of the middle component are in the plane deter- 
mined by the ray and the line of force and the 
amplitude of the vibrations is proportional to sin 

If we put 5 = 0, i. e., in the case of the longitu- 
dinal effect, only circular motions remain. 

All this applies to very narrow spectral lines in 
a strong field, the distance of the components being 
much greater than their width. 

According to Voigt and Loeentz we must expect 
some interesting peculiarities if this restriction 
be discarded. We return to this point later on. 

As a general rule the deductions from the elemen- 
tary theory are verified. Also in the case of the 
quartet and the sextet the outer components become 
eUipticaliy polarized, as has been observed already 
by Eighi ^). 

In contradiction with the elementary theory, 
though not strictly applicable to the case, is the very 
slight diminution of intensity of the middle com- 
ponents of the quartet even for 5 = 45°. 

13. Observations at 5 = 60°. If the observa- 
tion is made with a calc-spar rhomb, the image 
remains as with the transversal effect. Yet the 
presence of eUiptic polarization ought to manifest 
itself by the appearance in the lowest strip of lines, 
corresponding to the outer components. 


■I) Righi’s olservations 1. c. all refer to an angle of nearly 
55°, the angle at which according to the elementary theory the 
three components of the triplet are of equal intensity. 
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"With very dilute vapoiu* and with that of inter- 
mediate density, practically no trace of it is seen. 

Fig. 7, Plate XII shows the first phase with dilute 
vapour, Fig. 8 the second phase with denser vapour. 
Only traces of absorption, indicative of elliptic po- 
larization can be seen near Fig. 8. 

The eUipticity is, however, undoubtedly proved 
by means of the Fresnel rhomb, placed with its 
principal plane at an azimuth of 45° with the 
horizon. Fig. 9 shows the appearance. 

The outer components of the quartet toward the 
red or toward the violet, dependent upon the strip 
and the direction of the field, are now considerably 
weakened; in the case of the sextet they have 
vanished altogether. All this proves the eUiptieal 
polarization of the outer components. For, if the 
polarization were linear, as might be inferred from 
observations with the calc-spar alone, then the ob- 
servation with calc-spar and rhomb combined, ought 
to show no difference between the highest and 
lowest strip. The light of all plane polarized com- 
ponents would issue circularly polarized from the 
rhomb, and, the calc-spar making no selection 
between right-handed and left-handed polariza- 
tions, the components toward red and toward violet 
would all be alike. Such a condition is disproved 
by photographs such as Fig. 9. 

14. One point must be considered somewhat more 
in detail. What is the reason that the ellipticity 
is not shown by the calc-spar rhomb alone, whereas 
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its existence is most clearly demonstrated by means 
of tbe Fresnel rbomb? 

Let an elliptic vibration mth vertical axis l>, 
horizontal axis a, be incident upon the rhomb, the 
principal plane of which is at an azimuth of 45°. 

It is easily proved that the elliptic vibration is- 
suing from the Fresnel rhomb has its axes in the 
same direction as the original motion and a ratio 

of the axes — = r— r— . the original ratio being 

o -t~ 0 

If a be small in relation to h (an elongated ellipse) , 
then the light issues from the Fresnel as a more 
circular vibration, which is more easily analysed. 

It depends upon the magnitude of a, whether y 

is greater or less than 

We distinguish the following eases; 

(1) a very small, then ^ ~ ° 

(2) a = 0,414 b, then . 

(3) a > 0,414 h, then < -f-- 

We shall apply these results to the interpretation 
of our observations. 

Two eases dependent upon the magnitude of a 
are of principal importance. 

In the first case we can observe the effect of both 
the axes of the ellipse by means of the combination 
of the Fresnel ihomb and the calespar (this is the 
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case of the quartet) (I?i, Fig. 9), whereas without 
Fresstel rhomb no effect of the small axis is visible. 
In the second case the effect of the small axis 
becomes apparent by the use of the calc-spar, where- 
as its existence cannot be demonstrated with the 

Fresnel, the value of ^ bemg too small. This 

case is represented hy the sextet (D-j Fig. 9). 

If the observation is made by means of the 
calc-spar rhomb, we indeed see with dense vapour 
new' components in the lowest strip (see Fig. 8, D 2 ). 
The theoretical impoii of this result will be discus- 
sed on another occasion. 

After introduction of the Fresnel rhomb the 
component to the left of the central line (small axis 
of the ellipse) remains uivisible. (Fig. 9, D 2 , lower 
strip). 

Hence we may conclude that at the angle now 
investigated, the ellipticity of the outer components 

of the sextet (the ratio ■^) exceeds that of the quartet 

(and is also larger than 0,414). 

15. Observations at 5 = 45°. The photographs 
taken with the calc-spar alone show very clearly 
the ellipticity of the outer components. 

With vapour of intermediate density the phenom- 
enon is already very marked, especially in the 
case of D 2 (Plate XII, Fig. 10). Very remarkable 
is the slight diminution of intensity of the inner 
components of the quartet. According to the ele- 
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mentary tiieory tLe intensity of the central com- 
ponent of a triplet ought to have diminished already 
to less than half the original value. 

16. If a Fresotl rhomb combined with a calc-spar 
rhomb is introduced in the beam, one of the com- 
ponents of the quartet also entirely disappears. At 
an angle of 60° this was only the ease with the sextet. 
(Plate II, Fig. 11). 

17. Observations at ^ = 39°. The elliptic polar- 
isation tested by means of the eale-spar rhomb is 
very marked, even with dilute vapour (Plate XII, 
Pig. 12, Plate XIIT, Fig. 13). 

The inner components of the quartet are now 
decidedly less intense than the outer ones. 

Plate Xin, Fig. 13 especially shows the smaller 
intensity of the components of I>i in the lower 
strip. Indeed, they are unmistakably thinner than 
those in the upper strip. 

18. According as the angle between the ray and 
the lines of force is diminished, the intensity of the 
field must diminish at the same time. In order to 
make it possible for the rays to traverse the field 
under smaller angles the vertex semi-angle of the 
cones must deviate more and more from the theore- 
tical optimum of nearly 55°. 

The decrease of the magnetic separation is clearly 
shown in our photographs. 

We intend to communicate on another occasion ex- 
periments under smaller angles S- and to enter upon 
some details concerning the case in which the com- 
XV 



Ijonents of the triplet are not neatlj' separated. 
Some measui'ements of the ellipticity of the com- 
ponents will also be given. On the present occasion 
we intended to give only a general sm*vey of the 
inverse effect, illustrating it by some particular 
cases. 

19. Types of separation in spot and laboratory. 
In one direction we shall now enter upon some 
more details. The magnetic separation of lines in 
a non-uniform field has been treated on a former 
occasion i). The results then obtained and our 
present observations may be of some interest in con- 
nexion with certain phenomena observed by Haue. 
We intend to return to this subject. It seems of 
interest to allude presently to Mitchell’s descrip- 
tions of the various types of spot lines as indicated 
in the diagram published in the Transactions of the 
International Solar Union 2). 

Our Uig. 14, Plate Xiil has been copied from 
Mitchell’s paper. The types 5, 6, 7 and 10 of the 
figure are very characteristic. Type 9 perhaps falls 
under the tj^e of lines invisible without uicol men- 
tioned in § 7 above. In Fig. 15 are represented some 
separations observed in the laboratory without nicol 
or other analyzer, 5', 6', T have been taken in non- 
uniform fields. 5' is the quartet of Pi observed 


Zeeman. Amsterdam Proceeding, April 1906, November 
1907 ; e.f. this collection paper XII chapters I and III. 

®) Transactions Intern. Union Solar Research, p. 199 
etc. 1908. 
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across the field; 6' the sextet of D. 2 observed axially 
ill a non-miiform field, very strong in the central 
part ; 7' also refers to 2 in a weaker field, the ob- 
servation being made across the Hnes of force. The 
type 10' refers to the D^, line, when observed in a 
direction parallel to the field. The field is uniform. 
The separation gives an example of the superposi- 
tion phenomenon mentioned in § 7. 

The analogy of the type 10', Fig. 15 and the type 
of the “winged line” seems very remarkable. Of 
course observation of the state of polarization would 
be necessary in order to prove the analogy. 


20. EXPLANATION OF P L A T E S XI— XIII. 

The figures 1 — 13 are about thirteenfold enlargements of 
the images given by the grating of the absorption lines and 
Pj in a magnetic field. 

The upper and lower of the three strips of these figures 
relate to (oppositely) polarized light; in the central strip the 
phenomenon is represented as it is seen in natural light. 
Plate XI. Figs. 1, 2, 3, 4, observations perpendicular to lines 
of force witli different vapour-density. 

Figs. 5, 6, observations pai’allel to lines of force 
Avith different vapour-density. 

Plate XII. Figs. 7, 8, observation at S’ = 60° calc-spar rhomb 
alone. 

Fig 9, S’ = 60°, calc-spar combined with Fres- 
netj rhomb. 

Figs. 10, 11, & = 45°. 

Fig. 12, S’ = 39°. 

Plate XIII. Pig. 13, S’ = 39°. 

Fig. 14, types of sun-spot lines (adopted from 
MrroHiZiL). 

Pigs. 15, 5', 6', T, separations in non-uniform 
laboratory fields. 10' superposition phenomenon 
in § 7. 
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Types of sxm-spot lines (Mitchell). 

5, 6. Widened lines with centres reversed bright. 
7, Widened and weakened line. 10. Winged line. 


Fig- 15. 

5' 6' 7' 10' 



5\ 6' , 7' . Types of magnetic resolutions in non-uniform fields. 
10' . Superposition of magnetic components. 
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T he outer components of a magnetically divided 
line, if observed in a dii'eetion inclined to 
the lines of force under an angle 5, are ellipticaUy 
polarized. 

In our experiments of §§ 12 — 17 we frequently 
referred to this elliptical polarization. In § 12 the 
simple Miles were resumed, which relate to the el- 
lipses characterizing the state of polarization of the 
outer components, if very narrow spectral lines are 
observed in a strong field. 

The linear vibrations of the central component 
of a triplet lie, according to the elementary theory, 
in the plane passing through the ray and a line of 
force, and the amplitude is proportional to sin 5. 

Right’s theoretical considerations in his paper 
cited in § 1 also agree with this conclusion. 

22. In Voigt’s theoretical investigation of the 
magnetic effect in a direction inclined to the lines 
of force, the remarkable conclusion is drawn that 
the central component also of a triplet may execute 
an elliptical vibration. This result is most closely 
connected with the consideration of the mutual 
action between neighbouring molecules. 


W. Voigt, "Weiteres zur Theorie der magneto-optisehen 
Wirkiangen. Ann, d. Phys. I. (1900) p. 389. 
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Lorentz’s considerations concerning our present 
subject (cf. § 1 above) give results wbieh. we may 
be permitted to summarize here briefly. 

For arbitrarily chosen values of the angle 5 
between the ray and the magnetic force for every 
frequency two eUiptieal vibrations of opposite 
directions can be transmitted. 

In the case of the outer components of a sharp 
triplet one of the two elliptic vibrations is absorbed. 

If we are not dealing with a sharp triplet, i. e., 
three absorption bands that are completely separa- 
ted, we can still say something about the vibration 
ellipses of the outer components. 

Let axes OY and OX' be chosen, the one normal 

to the plane passing 
through the ray and the 
magnetic force, the other 
perpendicular to the ray 
and lying in the plane 
just mentioned. Then one 
of the characteristic vi- 
bration ellipses can be 
considered as the reflect- 
ed image of the other 
with respect to a line 
bisecting the angle X'OY. This rule also applies 
to the direction of motion in the two ellipses. 

The nature of the phenomena that will be observ- 
ed for rays of a frequency corresponding to the 
central line of the triplet depends upon the value 
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of being greater or smaller than a certain angle 
Si- This latter is detenooined by the equation 

. tang sin S-^ = -^ • 


The quantity g may be regarded as a measure 
of the width of an absorption line and depends upon 
the constants of the vapour* ; v is determined by the 
change of the frequency of the free vibrations of 
the electrons and has a value propoi’tional to the 
strength of the field. 

If 5 > then two linearly polarized beams with 



rig. 6. 


equal indices of refraction and 
different absorptive indices can 
be propagated. The rectilinear 
vibrations make equal angles 
with the line OL, bisecting the 
angle X'OY. The absorption 
is stronger for the beam whose 
vibrations make the smaller 


angle with the direction of the field. In the figure 
the more strongly absorbed vibration is indicated 
by a thicker arrow. 

As 3 decreases the vibrations of the two principal 
beams approach more and more to OL, so that for 
5 = 5i both directions coincide with the bisectrix. 
The two principal beams are now equally absorb- 
ed also. 


"When 3 < 3i, the st^ite of things is wholly dif- 
ferent. 
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111 tMs case two elliptically polarized beams can 
be propagated ; they are equally absorbed, but have 
different velocities of propagation. For both beams 
the characteristic ellipses are the same, but de- 
scribed in opposite directions. One of the axes of 
the ellipses coincides with the Hue OL in Fig. 6. 

The ellipses become less and less eccentric as the 
wave becomes less inclined to the direction of the 
field. For 3=0 the ellipses become circles de- 
scribed in opposite directions. 

A fui'ther approximation for 3 = 5i shows that 
in this case the two vibrations do not coincide 
exactly. As in the general case, there are two 
distinct beams with different characteristic ellipses, 
both deviating somewhat from the line OL of Fig. 6. 

The regions of the longitudinal and the transverse 
magnetic effect overlap to a certain extent and are 
not sharply separated from each other at the 
angle 3i. 1 

23. There are three results of Lorentz’s theory 
that probably admit of experimental verification. 

Let us imagine the absorbing vapour placed in 
such circumstances that the elementary theory can- 
not be applied. The components of a divided line 
are now not neatly separated by practically trans- 
parent regions. The vapour density must be chosen 
relatively great and the magnetic intensity rather 
small. As always in the present paper, we suppose 
the lines of force to be horizontal; we examine the 
propagation of the light also in a horizontal plane. 
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The tlu’ee predictions referred to, which apply, 
if we exclude the cases of the true longitudinal and 
transverse effects, are: 

(1) the major axes of the vibration ellipses of 
the outer components deviate from the vertical line ; 

(2) the vibrations of the middle component (e.q. 
components) are, depending on circumstances, either 
linear and not horizontal, or elliptic, the axes of the 
ellipse being inclined to the horizon; 

(3) there exists an angle separating the 
regions of the longitudinal and the transverse mag- 
netic effect. 

OBLIQUE POSITION OF THE VIBRATION-ELLIPSES OF 
THE OUTER COMPONENTS 

* 

24. We succeeded in establishing experimentally 
the oblique position of the vibration-ellipses in the 
inverse magnetic effect of the I?-tines ; the amount 
of the slope of the axes we could measure. 

The obliquity is far from striking. 

When B was already such that the ellipticity was 
very marked, it was only after some difficulty that 
we could make sure of the obliquity. 

Some details of a definite case may be given. 
With 5=69° and a field of about 18000 gausses 
the first observations were made. 

Attention was given to D^, the vapour density 
being regulated so that the outer components of the 
sextet could not be seen separately. Before the slit 
of the spectroscope a nicol was placed with its plane 
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of vibration at an azimuth of say 35° with the 
horizon. The central part of the resolution figure 
is now Yery dark; the outer components of the 
pseudo-triplet, however, are only faintly visible. 
This has the advantage of increasing the visibility 
of small changes of the intensity of the outer com- 
ponents. 

The direction of the field we denote as field- 
direction 1. 

With the reversed fieldrdirectimi 2, the outer 
components hecame darker. 

This experiment was repeated several times Avith 
the same result. 

The nicol then was placed in a position symme- 
trical to the one just mentioned. hTow witl} field 
direction 1, the outer components \.ere darker. 
From these experiments we must conclude that a 
vertical line is not an axis of symmetry of the vibra- 
tion-eUipses of the outer components, hence that 
the position of these ellipses is oblique. 

25. The direction of the smaller axis of the vibra- 
tion-ellipse we measured for 5'= 69°, the vapour 
density being between the first and second phase 
(§ 13). In front of the slit of the spectroscope was 
introduced a nicol, mounted upon a divided circle 
which gives the rotation of the nicol in degrees. 
The vanishing or reappearing of the outer compo- 
nents gave a good criterion for the determination 
of the smaller axis and therefore of the major axis 
of the vibration ellipse. 
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The measurements gave the result that under the 
circumstances of the experiment the major axis 
made an angle of 5 degrees with the vertical. The 
obliquitj’ was the same in amount and direction for 
the components toward the red and toward the 
violet. The diagram, Fig. 7, illustrates the relation 
between the slope of the ellipses and the direction 
of the field. 

Let OS be the beam, which traverses liie source 


.P 

/ 



Fig. 7. 


of light placed in 0 and OF the direction of the 
magnetic force. For an observer looking in the 
direction 80, the upper part of the vibration el- 
lipse is inclined toward the right. The plane YX', 
containing the ellipse, is normal to the ray and in 
the figure has been rotated round the dotted line 
until brought into coincidence with the plane SOM. 
That side of the plane which was visible from S 
can now be seen. Both the ellipse toward the red, 
and the ellipse described in the opposite direction 
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toward the violet, have the same slope with a given 
dii'ection of the magnetic field, as was remarked 
above. 

26. The same sodium flame, investigated as to 
the inverse effect in the direction OS, we studied 
in the dii-ection OP (i. e. for an angle FOP = 
MOS = 180°— 5) for the phenomenon of partial 
polarization, discovered by EaoEorF and G-eoegiew- 
SKT. A small telescope focussed upon the flame was 
used and provided with a Savaet plate and a nicol. 
This ijolariscope is momited upon a divided circle 
graduated in degrees. The direction in which the 
fringes were most brilliant was determined in order 
to detect a i)ossible deviation of the plane of maxi- 
mum polarization from the vertical. It was easily 
seen that there was such a deviation. The fringes 
were most clear if for the observer in P their direc- 
tion was from the upper left to the lower right 
quadi'ant, the direction of the field being always 
as indicated in the figure. After reversal of the 
magnetic field the fringes became indistinct. They 
became distinct again if the principal direction of 
the polariscope was from the upper right to the 
lower left quadrant. The result of these observa- 
tions at least proves that the whole phenomenon 
is as^unmetrical with respect to the vertical and 
hence proves the presence of oblique vibrations. In 
a conversation with one of the authors Prof. 
Loeente had kindly communicated that he observed 
phenomena of the kind described in this paragraph. 
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27. In the expeiimeut of the last paragraph the 
axis of the telescox)e must be placed carefully in a 
horizontal plane passing through the poles of the 
electromagnet. If the observation is made in a plane 
which is not horizontal, an apparent slope of the 
axes of the vibration-ellipses becomes manifest, as 
is easily seen from a geometrical consideration. 

28. The position of the plane of maximum polar- 
ization can be detei'mined rather accui'ately. The 
obliquity of the major axis of the outer ellipses of 
sextet and quartet in one experiment was 5° ; with 
the very same vapour density and the same strength 
of field, the plane of partial polarization made an 
angle of 21° with the vei-tical. 

At first sight it seems rather startling that the 
polariscope of Savaht is so sensitive to the obliquity 
of the ellipses. 

The phenomenon of the partial polarization of 

the emitted light is very 
complicated and the com- 
plete theory still outstand- 
ing. 

It does not seem doubtful, 
however, in what direction 
we have to look for the ex- 
planation of the remarkable 
difference between the indic- 
ations of the two instru- 
ments. They measure different quantities. 

As long as the inclination of the vibration-ellipses 
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of the emitted light is zero, the total light also 
vibrates symmetrically relatively to the vertical. 

If the melination is not zero, however, but has 
the value a, the plane of maximum resultant lumi- 
nous motion is inclined at an angle ct + p, which 
may he occasionally much greater. 

The light emitted by the sodium flame contains : 

(1) horizontal vibrations of intensity c^. (We 
neglect here a change mentioned in § 30 below). 

(2) elliptic vibrations, the major axes of which 
form an angle a with the vertical. Let the principal 
axes of these ellipses be a and h. 

The intensity 7a, in a direction O X becomes 

7a, — c® sin^ (« -f- /3) a® cos^ ^ + b'^ sin^ $ (1) 

This expression becomes a maximum for a value 
of p satisfying 

sin 2(x + (3) + (b^ — a^) sin 2/3 = 0 (2) 

Hence it follows at once that cannot be zero, 
for otherwise a ought to be zero also. 

From (2) we obtaiu 

sin 2 (<» -H /3) ^ a^ — b^ 

sin 2/3 c® ^ ' 

Hence the value of depends upon the intensities 
of the horizontal and vertical vibrations. Always 
a> h; in. the emitted light the vertical vibrations 
generally preponderate, hence also a > c. We con- 
clude that ^ can be positive only. 
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If we make a = 5°, a -H p = 21°, T> = 0,3 a (cf. 
§ 29) equation (3) gives 



This is a plausible value. Hence there is no con- 
tradiction between the observations made with the 
polariscope and. the results obtained with the nicol 
alone. 

29. We made, with^the inverse effect, some meas- 

m*ements of the ellipticity of the outer components 

at different angles of incidence. We used for this 

investigation the well-known method of the quarter- 

"wave plate and nicol. The axes of the quarter- wave 

plate being placed paraEel to the axes of the original 

ellipse, the resulting light is plane polarized. Let & 

and a be the horizontal and vertical or the nearly 

horizontal and the nearly vertical axes, then 

b . 

— =: tang 

The mica quarter plate used proved to be very 
accurate for light of the ref rangibility of the sodium 
lines, when tried by the method described on a for- 
mer occasion i). Three determinations gave for 
the deviation from an exact quarter wave plate the 
values 1.8, 0.1, 1.0 

For our present determinations this accuracy of 
the plate is quite superfluous. The measurements 
are very difficult, relating as they do to the mean 

Zeeman, Amsterdam Proceedings October 30. 1909; e.f. 
this collection paper XIV. 
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of the outer components of the sextet, hence to an 
extremely narrow pai*t of the spectrum. Moreover 
the density of the vapour can be defined only ap- 
proximately (10). 

The following table embodies the results concern- 
ing the ellipticity of the outer components of the 
sextet obtained in a somewhat extended series of 
measurements. 

3- bja Remarks 

0.31 ) 

69.°5 0.31 >0.30 Vapour of intermediate density (§ 10). 

0.28) 


Vapour somewhat denser 

0.67 I 
0.70 
0.70 
0.60 

39° 0.64 > 0.66 Very dilute vapour (§ 10) 

0.67 

0.63 

0.66 

0.65 

The ratio of the axes at a certain angle undoubt- 
edly somewhat depends upon the vapour density. 
Part of the oscillations of the results obtained at 
the same angle must be ascribed to this cause. 
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At 3 = 69.'^ 5 and nitli dense raix)ur the inclina- 
tion of the major axis of the ellipse was 6° ; with 
veiy dilute vapour the value zero was obtained. 

At 3 = 47° and with vapour of intermediate 
density the inclination was 4.° 5. The Savart fringes 
then made an angle of 28° with the vertical. 

OBLIQUE POSITION OP THE VIBRATIONS OF THE 
MIDDLE COMPONENTS 

30. Whereas the inclination of the vibration el- 
lipses of the outer components could be demonstrat- 
ed first for the sextet, it was for the quartet, on 
the contrary, that we first succeeded in verifying the 
second of Lorentz’s above mentioned conclu- 
sions (23). 

The deviation of the vibrations of the middle 
components of the quartet from the horizontal line 
can be shown in the same manner as the inclination 
of the ellipses (24). 

The principal section of the nicol before the slit 
was placed at an angle of about 30° with the horizon. 
The outer components of the quartet of 2?i are then 
hardly visible. The inner components are rather 
dark. The direction of the field is indicated as 
direction 1. Under the influence of Ihe reverse 
field 2, the middle components become more black. 
If the nicol be placed in the symmetrical position, 
then it is with the field direction 1 that the middle 
components are most distinct. 
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The angle B in this experiment was 47°. 

Two different attempts to measure the angle 
between the vibration and the horizon gave the 
results 4.°5, resp. 5.°5. These measurements are 
very difficult, however, and perhaps indicate only 
the order of magnitude of the inclination. The 
vicinity of the outer components largely interferes 
Avith the accuracy of the adjustment of the nicol, 
for while it is moved about near the position of 
extinction and approaches to a vertical direction 
the gi'eater intensity of the outer components dis- 
tracts the eye. 

31. We have made yet another experiment which 
confirms the result of § 30 for both 
the sodium lines and also exhibits 
the relation between 'the inclina- 
tions of the different components. 
This connexion is shown diagram- 
matically for a triplet in Fig. 9; 
for the result obtained with the 
middle components of the quartet 
and the sextet certainly can be applied qualitati- 
vely to the triplet. 

The experiment was the following : the principal 
section of the nicol made an angle of -|- 40° with 
the vertical; the positive direction in Fig. 9 was 
counter-clockwise. Then the nicol was placed at 
320° (i. e. in the symmetrical position). The last 
position may be indicated as position B, the first 
mentioned as position A, 
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The direction of the field remains unchanged. 

In position A all lines XTere breaker than in 
position B. 

Hence we conclude that the ellipses as well as the 
vibrations of the middle components are inclined; 
moreover that the relative position of the vibrations 
must be that shown in Fig. 9. 

32. In the important paper already frequently 
mentioned Righi (note p. 291 of the paper cited 
§ 1 above) says that Voigt’s theoretical investiga- 
tion of the general case of propagation of light in 
a direction inclined to the lines of force was publish- 
ed too late to guide him in his investigation. Right 
expresses the opinion that it is rather improbable 
that in the course of his numerous observations 
peculiarities in the behaviour of the middle compo- 
nents as indicated by Voigt could have escaped 
him, and that Loeentz’s elementary theory is in 
accordance with all the observed phenomena. 

This seems in contradiction with our experiments. 
This contradiction vanishes, however, if we assume 
that the vapour in Right’s experiments was very 
dilute, or the field so intense that the components 
were neatly separated. Under such circumstances 
our observations are also in complete occordance 
with the elementary theory, at least as to the pola- 
rization of the components and the direction of the 
vibrations. 

Neither was it in Right’s experiments a matter 
of course to reverse the direction of the magnetic 
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field, the procedure which most easily exhibits any 
obliquity of the vibrations. 

APPLICATION OF THE PJSfiULTS OP §§ 24-31 TO THE 
INTFRPEETATION OF SUN-SPOT SPECTRA 

33. The vibrations of the middle component of 
a triplet are parallel to the lines of force. The outer 
components vibrate linearly at right angles to the 
field. These rules also apply to dense vapours, if 
only the pure transverse magnetic effect be under 
consideration. If we assume that the dii'ection of 
observation is oblique to the lines of force, then only 
ill the case of very dilute vapours can the projec- 
tion of the magnetic force on a plane normal to 
the line of lusion be found according to the rules of 
the elementary theory from the direction of the 
vibrations. If, however, the components of an in- 
verse triplet are not neatly separated by practically 
transparent parts — and the sun-spot lines seem 
to belong to this class of lines — the particulars 
diagrammatically illustrated by Fig. 9 are to be 
taken into consideration. 

In drawing charts of the magnetic fields in sun- 
spots, showing the intensity, the direction, and the 
polarity of the magnetic force, the determination 
of the direction of the force will give some dif- 
ficulties. 

The value of the correction to the indications of 
the elementary theory necessary in some cases will 
be given on another occasion. 
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The rule which determines the direction of the 
deviation may be indicated here. 

The direction of rotation in the vibration-ellipses 
of the outer components toward the red and 
toward the violet shows whether 5 is acute or 
obtuse. If 5 is obtuse (Fig. 7), then the relative 
position of the directions of the magnetic force, of 
the major axis of the vibration-eUipses, and of 
the vibration of the middle component is shown 
in Fig. 9. 

From any point 0 draw a line OB parallel to the 
major axis of the vibration-ellipses of the outer 
components and a line OM parallel to the vibration 
of the middle component, the angle BOM being 
always chosen acute. The projection OF of the 
magnetic force on a plane normal to the line of sight 
then makes a positive acute angle with OB, the 
angle BOF being greater than BOM, the positive 
direction being reckoned from OB to OM. 

By ascertaining whether or not the major axes 
of the ellipses and the vibrations of the middle 
component are perpendicular to each other we can 
make sure whetiier -the elementary theory may be 
applied or not. 

DEMONSTRATION OP OBLIQUE POSITION OF VIBRATIONS 
BY MEANS OP HALF-WAVE-LENGTH PLATE 

T Mh] observations published in our two pre- 
ceding communications relate to the region 
between 5 =90° and 5 = 39°, including the two 
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j)rmeix3al clii’eetions. We now intend to describe 
in tMs third, conclusive, part of our paper experi- 
ments relative to the remaining region between 
3- = 39" and 0°. 

This region seemed very interesting because under 
suitably chosen circumstances it probably would 
contain the angle of Lorentz, separating the 
regions of the longitudinal and the transverse mag- 
netic effect. The principal object we had in view 
in undeifaking this third part of our investigation 
was to prove expeiimentally the existence of an 
angle of the kind mentioned. We think that we 
attained our purpose. 

Before proceeding to describe these experiments, 
we shall mention a method for verifying the results 
(§§ 24 — 32) relating to the oblique position of the 
vibration-ellipses of the outer components and that 
of the vibrations of the inner components, but 
without commutation of the current in the electro- 
magnet. 

Whereas in our former experiments the difference 
of the intensity of the components by commutation 
of the current gives the proof for the obliquity of 
the components, the half-wave-length plate demon- 
strates it at once. 

A half -wave-length plate, with one of its principal 
directions situated horizontally and limited by a 
horizontal line, is placed near the source of light. 
Vibrations from the source, making a definite angle 
with the edge of the plate, after traversing it are 
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rotated through t\\ice that angle. The plate covers 
only half of the field of view. The directions of 
the emergent vibrations make the same angles with 
the horizontal edge as at first, but upon the 
farther side. 

An image of the edge is focussed upon the slit 
of the spectroscope ; before the slit a nicol is placed. 

In one of our experiments, 5 being 39°, the plane 
of vibration of the nicol was at an angle of 35° 
with the horizon. The magiretic components are 
irow seen urrequally dark in the two halves of the 
field of view. It appeared possible to photograph 
the phenomenon ; small variations of vapour density, 
which may possibly introduce errors with other 
methods of observation, are now rvithout influence. 

Reversal of the direction of the current changes 
the sign of the difference of intensity of the two 
halves of the field of view. 

CONNEXION BETWEEN THE INCLINATION OF THE 
ELLIPSES IN PARTICULAR CASES 

35. The direction of the magnetic field, and that 
of propagation of the beam traversing the mag- 
netized source of light determine the sense of the 
inclination of the vibration-ellipses (§ 25). If the 
direction of the field be reversed, the sign of the 
inclination of the vibration-ellipses also changes. 
In fig. 7 (§ 25) the connexion established by our 
experiments between the three mentioned directions 
is given. 
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Let OF be the magnetic force, and let the beam, 
traversing the magnetized flame 0, be propagated 
p in the direction from 0 to S. 

The inclination of the ellipses 
in this case is indicated in 
Fig. 10. The plane normal to 
the ray and containing the el- 
lipse has been rotated round 
the dotted line until brought 
into coincidence with the plane 
of the paper. 

What is the inclination, if 
Fig. 10 . the source of light be traversed 

by the beam in the direction OS' ‘I 
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This question is easily answered by applying the 
well-known method of reflected images. 

The geometrical outlines of all things composing 
a given system, together with the physical proces- 
ses in the system, which we suppose may be all 
represented by geometrical figures, we imagiue 
reflected at every instant in a plane V. The new 
system obtained by reflection, which we call the 
image of the original system, is a possible one, as 
soon as the last-mentioned one has an objective 
existence. 

Applying this to our experiment (Fig. 11) and 
placing the plane V parallel to OF and perpendi- 
cular to the plane of the paper, we obtain from 
system I, the system 11. 

The magnetic field in the second system is the 
inverted image of the field in the first one; indeed, 
before taking the image of the field we have to 
substitute it by the equivalent Ampeke currents. 

Hence in II the arrow F' O' is drawn from F' 
to O'. 

The field in system II being afterward reversed, 
the inclination of the ellipse changes its sign. 

Hence we conclude that (Fig. 12), if OF be the 
direction of the magnetic field, the inclination of 
the major axes of the ellipses, as observed from 8 
as well as from S', is always from the lower left 
to the upper right quadrant. 

By means of Savart’s polariseope all this could 
be experimentally verified. 
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We come to the same conclusion hy using the 
experimental result of § 26, concerning the inclina- 
tion of the ellipses in the beam emitted in the 
direction OP (see Fig. 10). 

The close connexion existing between emission 
and absorption enables us to predict the phenomena 
to be seen if light traverses the soui’ce in the direc- 
tion OS' (ef. § 44). 

INVESTIGATION CONCERNING THE EXISTENCE OP AN 
ANGLE S-i (§ 36 -§ 46) 

36. It seems possible to give by different ways 
experimental proof of the existence of an angle 
separating the regions of the longitudinal and of 
the transverse effect. 

The most direct proof would be given, if, with 
a chosen magnetic force, the vapour density could 
be changed in such a degree, that at last the direc- 
tion of the vibrations in the issuing beam were in- 
clined at an angle of 45° with the vertical. Then 
one would observe at the angle .Si itself, the values 
of density (width) and magnetic intensity corre- 
sponding. The execution of this plan gives rise, 
however, to serious difficulties. 

The significance and the distinctness of the angle 
5i become manifest also, however, if it be possible 
to establish the existence of the eharacteiistie phen- 
omena only obseiwable for a direction of observa- 
tion which forms an angle with the lines of force 
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lying between 0° and We have experimentally 
verified the theoretical inference. 

We made many experiments belonging to each 
of the two classes of experiments mentioned and 
intend to give a few examples of each. 

37. Observations at ^—32°. — Soft iron cones 
with a vertex semi-angle of 32° were made and 
adapted to a du Bois-electromagnet. The intensity 
of the magnetic field proved sufficient to establish 
the character of the resolution in the first-order 
spectrum of the large Rowjlajstd grating. 

The middle components were especially watched. 
It is easily established that the vibrations of these 
components deviate from the horizontal. In order to 
demonstrate an inclination of 45°, a quartz plate, 
cut perpendicularly to the axis, and exactly 2 mm. 
thick, was introduced in the beam. This plate rota- 
tes the plane of polarization for sodium light 
2 X 21.7 — 43. °4. Vibrations at azimuth 45°, after 
traversing the plate, become either horizontal or 
vertical. 

Between the plate and the spectroscope slit a 
calc-spar rhomb was inserted and a horizontal slit 
placed near the source; two contiguous horizontal 
images of this slit are now formed on the slit. The 
one contains the vertical, the other the horizon+al 
constituents of the beam. 

The middle components, which at the angle 3 
under consideration are rather weak, are dependent 
upon the direction of the current and are visible 
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either only iii the upper or only in the lower of the 
two strips, if the vapour density be properly chosen. 

This experiment does not prove definitely, 
however, that the middle components may vibrate 
under an angle of 45° with the vertical. The rather 
limited sensitiveness of the method must be taken 
into account. 

The experiment certainly proves that the vibra- 
tions are inclined relatively to the horizon, at an 
angle of perhaps 20° or 30°. 

It is shown by an observation with the calc-spar 
rhomb alone, after removal of the quartz plate, that 
the vibrations are not performed under 45°. A dif- 
ference between the upper and the lower image is 
now manifest. This would be impossible, if the 
inclination of the vibrations were 45°. The dif- 
ference of intensity in the two strips decreases with 
increased density of the vapour. 

AH experiments undertaken in order to measure 
more accurately the inclination gave no decisive 
results. The weak intensity of the middle compon- 
ents, the feeble separation (to be expected for the 
observations in view, according to theory), the per- 
turbation by the vicinity of the outer components, 
and also the fact that the vibrations become pro- 
bably slightly elliptic, account for the difficulty of 
the measurements. 

, We also mvestigated the emitted light without 
the aid of the spectroscope, with a Savaet polari- 
scope alone; the emitted light appeared to be nearly 
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unpolarized. The fringes in the polariscope were 
very weak. This is clearly due to the light contain- 
ing equal portions of right-handed and left-handed 
nearly circularly polarized light; the intensity of 
the light of the middle components is relatively 
very small and therefore scarcely perceptible in the 
resulting total intensity. 

The indistinctness of the fringes made only in- 
accurate determinations of the position of the plane 
of polarization possible. An inclination of 42° rela- 
tively to the vertical was found. 

38. The method of the non-uniform field 
seemed to open the possibility of a direct reading of 
the field-intensity corresponding to 3i, the vapour- 
density (i.e., the width of the spectral line) being 
given. At A = 39°, a diminished image of the cones 
of the electromagnet was focussed upon the slit- 
plate of the spectroscope. The magnetic separation 
is different at different heights, and in the 
spectroscope the spindle-shaped resolution figure, a 
photograph of which was given on a former occa- 
sion, is seen; but now, as the inverse effect is under 
consideration, rather dark lines on a luminous back- 
ground are seen. A nicol with its plane of vibration 
at 45° with the horizontal is placed before the sMt. 
If the vibrations occur at 45° somewhere in the 
divided Mnes, the components must become black at 
such a place. Width and field-mtensity, belonging 

’•) Zkeman, Amsterdam Proceedings April 1906, November 
1907 ; c.f. t,bia collection paper XII chapters I and III. 
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to the part mentioned of the components, corre- 
spond to a value of 3^ equal to 39°. 

No clear result was obtained by means of this 
method, however, which was tried with several 
vapour-densities. 

The change of the state of polarization in the 
resolution figure apparently is too gradual to prove 
the existence of by direct observation. 

Our following experiments (§§ 39 — 16), seem 
indeed, to leave no doubt as to the real existence of 
such an angle. 

39. In order to extend observations to stiU small- 
er angles 3, the second-order spectrum of the great 
RowTAiro grating was employed for all following 
observations. The brightness is still amply suffi- 
cient and more details are seen. Even with cones 
with a vertex semi-angle of 26° the characteristic 
phenomena may now be advantageously observed. 
With vapour of intermediate density (§ 10) only 
the outer components of the quartet and sextet are 
now visible, the phenomenon closely resembling the 
purely longitudinal one. Middle components make 
their appearance only after the density is largely 
increased. The nature of these components appears 
(§ 40), however, to have changed, as is proved by 
an examination of their state of polarization. 

The latter is more easily ascertained, if the com- 
ponents are more widely separated. This is the case 
in the experiments described in the next paragraphs 
and therefore we prefer to give some details of 
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the observations made with the more efficient 
arrangement. 

40. A still smaller angle between the dii'ections 
of the beam and of the field maj' be employed and 
moreover wider separation obtained than in § 39, 
by looking through axial holes and deviating the 
beam in the field by means of two small prisms. 
A remark of Prof. Webtheim Salomonson induced 
us to give prisms a trial 

The arrangement for 5 = 16° is shown in Pig. 13. 

The prisms are fixed to copper tubes, which are 
put into the bored cones of a dxj Bois electromagnet 
and may be turned about their axes. It is therefore 
possible to adjust the parallelism of the planes of 
the prisms and to arrange the edges vertically, 

A drawback inherent to this method is that after 
some time the interior surfaces of the prisms become 
covered with some white precipitate. With very 
dense vapours this inconvenience is rather trou- 
blesome. 

Immediately after introduction of the flame into 
the interf errum aqueous vapour condenses upon the 
prism faces, soon disappearing, however, when the 
temperature of the prisms has increased. In order 
to avoid the danger of cracking, the prisms have 
been placed at some distance from the terminal 
planes of the cones. 

Even with very dense vapour (third phase of 
§ 10), the field being of the order of 20.000 gauss, 
the phenomenon closely resembles the pure longitu- 
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dinal one. No trace of middle components is visible. 

After an increase, however, of the vapour-density 
to the limit obtainable by the introduction of a glass 
rod, charged with melted salt, into the gas-oxygen 



Pig 18. 

flame, two new black lines appeared in the vicinity 
of Dj j they were clearly visible against the rather 
dark backgroimd formed by the broadened outer 
components. 

These new lines, which have the same period 
as the middle components, are unpolarized (see 
§§ 41 -^). 

41. We have come to this conclusion after trying 
in vain to detect any trace of polarization phenom- 
ena of the new components. 

In the first place rotation of a nieol, placed 
before the slit of the spectroscope gave no change 
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of intensity of the lines; only the background for- 
med by the nearly, but not accurately, circularly 
polarized outer components was slightly changed. 

42. After removal of the nicol a quarter-wave 
plate with its principal direction at 45° was inserted 
in the beam and a broad horizontal slit placed 
near the field. By means of a calc-spar rhomb 
two strips are obtained, separating the oppositely 
polarized circular vibrations. 

With vapour of intermediate density fig. 14"^ 
gives the appearance for 
J?!. The vertical line 
represents the reversed 
line due to the are light. 

With very dense vapour, 
we get the phenomenon 
represented in fig. 14®. 

New components appear 
in the initially bright 
parts of the field of view. 

The positions of the new 
components correspond to 
those of the inner com- 
ponents of the quartet, at least as far as can 
be judged by eye observation. This observation is 
confirmed by measurements made on a photograph, 
it must be said of only moderate quality. 

As to the polarization of the new lines a few 
remarks may be made. T’rom an inspection of 
fig. 14® alone, one might infer a circular polariza- 
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tion of the inner components, of a sign opposite to 
that of the outer ones. 

One might be tempted to infer that, under the 
circumstances of the experiments, the inner com- 
ponents are due to the motion of positive charges. 

There is no need of discussing the degree of proba- 
bility of such a conclusion, as it is refuted by the 
next observation. 

If the quarter-wave plate be rotated in its 
own plane so that the principal direction more and 
more approaches to the horizontal position, the in- 
tensity of the outer components decreases. The 
inner components, which at first are invisible in 
two of the quadrants, being entirely hidden by the 
black broad outer components, are very soon seen, 
as continuous bands crossing at right angles the 
horizontal separation line. 

Finally, when the principal direction of the 
quarter-wave plate has become horizontal, there is, 
as far as concerns the inner components, no dif- 
ference at all between the upper and lower fields, 
and only a slight one as far as concerns the outer 
components. 

43. From the observations recorded in §§ 41 and 
42 we cannot but conclude that under the circum- 
stances of the experiment the inner components of 
the new quartet are unpolarized. 

This result seems paradoxical, because one now 
has become accustomed to expect polarization of 
all magnetically separated and displaced lines. 
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The result, however, seems to be in perfect accord- 
ance with theory, at least if it be permitted to 
apply to the middle components of the quartet, the 
theoretical inference drawn for the central compo- 
nent of the triplet. 

Loeentz has proved that in the case of a triplet 
for a frequency n=no and S < 5j two oppositely 
ellipticaUy polarized beams may be transmitted, 
having the same index of absorption, but miequal 
velocities of propagation. The characteristic vibra- 
tion-ellipses for the two beams are the same, but 
described in opposite directions (see also § 22 
above). 

Since the indices of absorption of the two beams 
are equal, we may expect that, under the circum- 
stances mentioned, a magnetized vapour can pro- 
duce in a continuous, unpolarized spectrum unpol- 
arized absorption lines only. 

44. The consideration in § 35 of the reflected 
image of a system was made in order to show that 
the inclination of the ellipses remains unaffected 
by a change of sign of the angle between the line 
of force and the ray. 

45. Quartet for 3 = 0. — By increasing still 
further the vapour-density necessary for the experi- 
ment of § 43, we were able to observe, even in the 
direction 3 = 0, the two unpolarized lines, corre- 
sponding to the inner components of the quartet. 
The outer components, however, have then become 
extremely diffuse. 
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It is certainly remarkable that the two new com- 
ponents are still relatively narrow. The theoretical 
reason for this feature of the phenomenon has still 
to be worked out. 

It is, however, in accordance with theory (always 
on the supposition that it does apply directly to 
the quartet) that for 5 = 0° the density of the 
vapour must exceed that for 5 = 16°, in order to 
render visible the new lines. Tndeed according to 
the formulae (42) and (26) of Lorentz’s paper 
(cited in § 1 above) the absorption index decreases 
with decreasing 5. 

The experiments (§§ 39 — 43) seem to give con- 
clusive evidence that an angle 5 % really exists. 

Indeed, phenomena of the kind described in the 
last paragraphs are to be expected in a region only 
between 5i and 0°. 

The experimental verification of Loeentz’s de- 
ductions, formulated in § 23 above, gives a new 
proof of the rational connexion established by 
Voigt’s theory of the inverse magnetic effect 
between diverse phenomena. 

A more accurate measurement of 5 1 , the vapour 
density and the field being chosen, must be post- 
poned. 

46. The new type of magnetic separation, with 
some components polarized, the other ones unpo- 
larized, which returns to the ordinary separation 
by decrease of vapour density, we were able to 
observe also with Since the density of the 
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vapour must be great iu the present experiment, 
the effects obser^'ed vith which splits up into 
a pseudo-triplet, are less clear and characteristic 
than with We therefoi’e restricted the detailed 
description of our observations to the case of Z>i. 


This paper, written in collaboration with Dr. B. Winawer, 
was first published in; Zittings\’erslagen der Kon. Akademie 
van Wetensehappen te Amsterdam, January 29th (§ § 1 — 20), 
April 29th (§ § 21—33) and June 25th igio (§ § 34r-46), Vol. 
XVIII pp. 621—633, pp. 889—898, Vol. XIX pp. 233—242. 
A translation, which has been reprinted here, appeared in : Pro- 
ceedings Royal Academy of Sciences at Amsterdam, Vol. XII 
pp. 584^596, XIII pp. 35—44, 162—171 and The Astrophy- 
sical Journal XXXII (1910) pp. 329—362. 

It has been published also : Physikalische Zeitschrift 11 (1910) 
pp. 533 — 560, 657 — 662, 880 — 886 and Archives NSerlandaises 
(2) 15, pp. 453—487. 



XVI. CONSIDERATIONS CONCERNING 
LIGHT RADIATION UNDER THE SIMUL- 
TANEOUS INFLUENCE OF ELECTRIC 
AND MAGNETIC FORCES AND SOME 
EXPERIMENTS THEREBY SUGGESTED 

THEORETICAL CONSIDERATIONS 

A fter the discovery of the influence of magne- 
tic forces on radiation frequency in 1896, many 
physicists certainly have put the question to them- 
selves whether electric fields also influence the emis- 
sion of light. We may imagine an atom or molecule 
containing one single electron, which is drawn back 
to its position of equilibrium by quasi-elastic forces 
— hx, — %, — liz, where x, y, z, are the components 
of the displacement of the electron. This is just as 
in Lorentz’s elementary theory of magnetic separa- 
tion. Let our molecule be placed in a uniform 
electric field parallel to the axis of X. If the force 
on the electron be denoted by X, then the displace- 
ment Xq of the electron is given by 

X = -H kxQ. 

In the new position there is equilibrium. If the 
electron performs vibrations about the new position, 
then the coordinates may be represented by 

S, V?, ^ being supposed to be infinitely small. The 
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components X\ F', Z' of the quasi-elastic force 
become 

— * (OTO -I- I), ItVj, — TiX 

and therefore the components of the total force 
{X + X', etc.) 

-h%, —M, —K ( 1 ) 

In the new position the electron is subjected to 
infinitely small forces, which are independent of the 
direction of the displacement. The frequency of 
the ■vibrations of the electron, being determined by 
7v, has the same value as before the application of 
the electric field. 

2. Voigt developed the consequences of the 
hypothesis, which presents itself, if the simple law 
followed by the quasi-elastic force of § 1 no longer 
holds. 

The potential energy of a displacement (a;, y, z) 
is represented in the supposition of § 1 by 

<P — y'^ =^kr^ ( 2 ) 

h being a constant. 

If the displacement of the electron can no longer 
be regarded as infinitely small, the value of the 
potential energy may be expanded according to as- 
cending powers of x, y, z. In a perfectly isotropic 
molecule we may ■write therefore, only retaining the 
first correction term 

( 3 ) 

h' being a second constant. 
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If the electron now performs vibrations (|, v?, ?) 
about the new position of equilibrium, which it shall 
take under the action of the force X in an electric 
field parallel to the axis of X, then one finds easily 
with Voigt i) for the components of the total force 
(X -f- X , etc.) 

— (i + ?, — (A + -{k-i- kW)X . . (4) 

The factor by which the displacement is to be 
multiplied in order to find the force, has now 
another value with a displacement parallel to the 
lines of force than with a displacement at right 
angles to the field. The frequencies of vibrations 
in these principal directions are therefore different. 

Applying these considerations to all the electrons 
contained in the atoms of a substance such as lu- 
minous sodium vapour, Voigt comes to the fol- 
lowing remarkable theoretical result. 

If by means of a spectroscope we examine the 
light that is radiated along the lines of force of 
the electric field, we shall observe a displacement 
of the unpolarized spectral line from its original 
position. At right angles to the field we may expect 
a transverse electric effect, the original line being 
separated into two polarized components. The com- 
ponent vibrating parallel to the field undergoes a 


Voigt. Zur Theorie der Einwirktuig dues olcktrostatischen 
Feldes auf die optischen Bigenschaften der Korper. Ann. d. 
Phys. 69 p. 297. 1899, t^cber das electrischc Analogon des 
ZEEMAW-effektes. Livro jub. d6d. k. H. A. Lokentz. Arehiv. 
N4erl. 1900, Magneto- und Elektrooptik. Kapitd IX u. X, 1908. 
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displacement three times as large as that of the 
component vibrating perpendicularly to the field. 

It is easily seen that the electric change of 
frequency must be proportional to the square of the 
electric force. 

It is remarked by Voigt that, if the negatively 
charged electrons are embedded in a positively 
charged sphere with a density decreasing from the 
centre outwm’d, the expected displacement of the 
spectral lines must be toward the red. 

In what follows I shall, in order to fix the ideas, 
suppose that the spectral lines are shifted in the 
sense indicated, but this is not essential. 

3. If the expression (3) for the potential energy 
of an electron is replaced by 

(p = ^ k[x'^ + z^) + ^ k"x'^ 

the isotropy has disappeared. 

One of the components of the electric doublet 
now coincides with the original line. 

We will do well therefore, not to attach too much 
importance to the simple ratio of the displacements 
of the components of the doublet, which follows 
from the considerations in § 2, In the following 
discussion we consider a doublet, which can have 
yet very different positions relatively to the origin- 
al line. 

4. Ten years have passed already since the ap- 
pearance of Voigt’s first paper concerning an 
electric analogue of the magnetic spectral effect, 
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but till now physicists have not succeeded in veri- 
fjdng its existence. Two reasons can at once be 
given for this negative result. 

Some idea of the probable order of magnitude 
of the electric effect can be inferred from observa- 
tions concerning the influence of an electric field 
on the refractive index. This estimate gives ex- 
tremely small values for the electric change of 
frequency. 

According to Voigt’s estimate the change of 
frequency in a field of 30.000 volts per cmm. would 
hardly amount to the ^/looo**^ of distance 
of the sodium lines. A field of 3000 volts per cm. 
would again diminish it 100 times. 

Even if a soui'ce of light giving very narrow 
spectral lines could be placed in the mentioned 
intense electric fields, the observation of the electric 
effect would not be without difficulties. 

A greater difficulty than the smallness of the 
effect is, however, due to the impossibility of sub- 
jecting metallic vapours to intense electric fields. 
A sodium flame almost immediately equalizes a 
large potential difference between the plates of a 
condenser. 

Circumstances are perhaps somewhat more fa- 
vourable with rapid electric oscillations. During 
part of the period' of discharge of the spark of a 
condensor the luminous vapour between the elec- 
trodes may be subjected to intense electric forces. 

Of course a mere displacement of the spark lines 
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relatively to the flame or are lines is not to be 
explained by the influence of electric forces, now 
under consideration. Yet a displacement of spectral 
lines is the first thing one may expect to observe. 
It win depend upon circumstances whether a pola- 
rization at the borders of the displaced line sh a ll 
be visible. Finally this also involves the establishing 
of an extremely small displacement under rather 
unfavoui'able circumstances. 

The failure of all attempts hitherto made to 
observe an electric spectral effect ^), induced me 
to try a new way for attacking the problem. I have 
imagined a method which woxdd reveal an action 
of the electric field by an asymmetrical change of 
a magnetic triplet, or by a remarkable variation 
of a magnetic doublet. 

I shall prove that the mentioned asymmetry must 
change its sign if the direction of the electric field 
is rotated through an angle of 90°. In some of my 
experiments the electric field existing between me- 
tallic electrodes during the passage of the spark 
is used. 

The spark passes across an air space, in a longi- 
tudinal or in a transverse magnetic field as the case 
may be. [In more recent experiments the absorp- 
tion hnes of a xenotime crystal were studied]. 

Besides the mentioned asymmetries different, 
delicate particularities of triplets originating under 


») 01 Htiin. Proe. R. S. p. 80, Vol. 78. 1907. 
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the simultaneous influence of magnetic and electric 
forces can be predicted. 

The observation of the whole of these particula- 
rities would give almost as strong evidence for the 
existence of the electric effect as a direct observa- 
tion of the effect in an experiment made with 
electric forces alone. 

There is one particularity, which, if it could be 
observed, would prove by itself most strongly the 
existence of an electric spectral effect. I shall show 
(see § 10) that the components of the magnetic 
doublet, observed along the horizontal magnetic 
lines of force cease to be completely circularly po- 
larized, but must become slightly elliptically pola- 
rized, if the vibrating electrons are at the same time 
under the influence of a vertical electric field. The 
ellipticity hinted at must be much more easily 
observable than a change of frequency under the 
sole action of electric forces. 

For some time I privately held the opinion that 
the asymmetry of some magnetic triplets, first 
studied in detail by myself and afterwards by 
G-melin, DurouE, Naqaoka., and others, could be 
explained by a cooperation of electric and magnetic 
fields. 

I shall show, however, experimentally that such 
cannot be the case. 

A description of the experiments hitherto made 
seems to be of some interest, although at the present 
moment the question of the existence of a specific 
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action of electric fields on the emission of light 
caimot yet be answered affiimatively. 

The experiments certainly are of some value for 
our miderstanding of the asymmetiy of triplets, 
and may show the way to better methods for in- 
vestigatingijthe electric effect. A description of the 
experiments follows in the second part of this paper ; 
in the present communication I shall explain their 
theoretical foundations. A criterion for a dissym- 
metry, governed by electric actions, can be esta- 
blished, by means of which it shall be possible to 
fix a limit for the magnitude of the electric effect. 

5. The first problem that I will consider relates 
to the vibrations of an electron under the simul- 
taneous influence of parallel electric and magnetic 
fields. 

Let a system of three rectangular axes be chosen 
and let the magnetic force be parallel to the 
axis OZ. 

Let I, > 3 , ^ be the components of the displacement 
of an electron, then the equations of motion are 

? s=f — ....(6) 

K^-a^K (7) 

The difference of a and & determines the electric 
effect, the magnetic one is determined by r. Suppose 
})> a and put t — a — s, hence s positive. 

(7) gives the frequency a; the vibrations corre- 
sponding to this equation are always parallel to tjtie 
axis OZ. 

XU 



322 


In (6) we assume 

q being in general a complex quantity. The real 
motion of the electron is obtained by taking the real 
parts of the expressions for | and yj. 

Making the substitution, we get: 

— w® = — 6® + inrq, — n^q = — b^q — irn , . (8) 

r® 

hence 

n — b±. -^ = a s i (9) 

From (8) we obtain two values for q, viz: 

?=±i (10) 

6. We shaE now consider 3 special cases. 

Case I. Electric field = 0, hence s = 0. Upper 
signs in (9) and (10). We then have for the motion 
in the plane of XY, 

n = a + Y^f g — + i. 

The lower signs in (9) and (10) give 
1 

» = a — —r, J = — 4. 

The two solutions represent circular vibrations 
in the plane of XY, right-handed with the frequency 

a -1- ^r, left-handed with the frequency a — ^r. 

The vibrations parallel to the axis OZ have the fre- 
XVI 
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quency a. In short we have to do with Lobextz’s 
elementary theory. 

All this is independent of the sign of r, i. e., of 
the direction of the magnetic field. If r be nega- 
tive, the right-handed circular vibrations belong to 
a frequency smaller than a. 

Case II. Magnetic field = 0, hence r = 0. 

Vibrations of arbitrary form with frequency h 
are now performed in the plane of X, Y. Parallel 
to the axis OZ we still have vibrations with fre- 
quency a. 

Case III. Simultaneous electric and magnetic 
fields. Let r be positive. 

According to (9) and (10) and taking the upper 
signs we find 

T * 1 

n = b + -^ — a + s + -^r, gr=4.i 


representing right-handed circular vibrations in 
the plane of X Y, with the frequency a s -{- y 
T he lower signs give: 


n 




a - 1 - . 


q= — i 


being left-handed cireiilar vibrations in the plane 
of X Y, with the frequency a + s — |-r. 

If r be negative, the circular motions are described 
in the opposite direction. 

Vibrations parallel to the axis OZ always have the 
frequency a. 
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We therefore obtain when observing at right 
angles to the fields a dissymmetrical triplet, the 
relative position of its components being determined 
by the following rule. 

I shall suppose that the violet, consequently the 
higher frequencies, is on the right. 

Let A and B be the lines with the frequencies 
a and h, if there is solely an electric field. 

Let the electric field be hori- 
zontal. 

If now the magnetic field is 
superposed, then A remains. 

Two components, however, ori- 
ginate out of B] they have dis- 
and in 


A B 


A 

I— 






placements equal to -g, 

opyjosite direction. The result is 
the triplet A'AB'. 

The electric doublet AB may 
, , , , ^ still have different positions re- 

A A 0 B latively to the original line O. 

Fig. 1 . In the supposition of § 3 the line 

B coincides with the line O. In the supposition of 
§ 1 the original line is at a distance % s at the right 
of jB. 


7. We shall now suppose that the electric field 
is an oscillating one. Let B coincide with the origin- 
al line. If the electric force oscillates according 
to the formula a cos nt, then s may be represented 

by QQgT, = — cos 2nt). 
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The lines A' and B' retain their places. The 
middle line of the dissymmetrical triplet must 
always be less narrow than the outer components 
and darkest in the centre. All this applies with a 
slight modification to the case when B does not 
coincide with the original position of the line. 

8. In the second problem, which we will now 
consider, a vibrating electron is subjected to a 
horizontal magnetic and a vertical electric field. 
Let the magnetic force be parallel to OZ, the electric 
to OX. 

The equations of motion now become: 

K bH ( 12 ) 

Suppose again T}> a and h — a = s. s now as 
before determines the electric, r the magnetic effect. 

The frequency of vibrations parallel to OZ is 
always &. 

As in § 5 we put 

^ , )) = qe^nt 

By (11) wo have 

— =: — inrq — n^q — — h^q — im (13) 

or 

(n® — a*) («® — 6®) =s= raV®. 

Whence 

— (a® + 6* + r®) ± jp' 4- 6® 4- r®)® — a®6®. 
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Replacing Z> by a 4- s we may write approximately 

or 

w = ffl 4- (s ± -I- s2) (14) 


According to (13) to these frequencies coiTespond 
two values of the complex amplitude q 


9 = 


. s 

t - 


± l/r* + s* 
r 


(15) 


9. We shall again consider three special cases. 
(7as6 1. Electric field zero, hence s = 0. 

Using (14) and (15) we find for the motion in 

the plane of XY 

n = a ii ± 

equations discussed in § 6 above. 

Case II. Magnetic field absent, r = 0. 

Now, by (14) and (15), if the upper signs are 
taken 

71 = a-l-5==6, q = oo y 

representing rectinilear vibrations parallel to OY. 
If the lower signs are used 

n = a, = 0, 

meaning rectilinear vibrations parallel to OX. 

10. Case III. Electric field vertical and magne- 
tic horizontal. This case is slightly less simple. 

Let us write ff = 4" r^ — s') and let r be 
positive. 
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Taking the upper sign in (14) and (15), then 
ra == a -f- (s + V' + s“) = b + ^ 4 - s* — s) = 6 + o-. 

(7 being a positive quantity. The coefficient of « in 

. s + 

q=:z 

is positive and > 1. This represents an elliptic 
vibration in the plane of X,Y, the axes bemg 
parallel to OX and OY, the major axis parallel to 
OY. The motion of the electron is right-handed. 
Taking now the lower signs in (14) and (15) 

we have » = a q- (s — Kr® + s^) =* o — o-, and 



r 

% • 1 y—— • 

r 4“ 4-5 


The coefficient of i is positive and < 1. The elec- 


A' A BO b' 



tron performs an elliptic 
vibration, left-handed and 
in the plane of X, F; the 
axes are again parallel to 
OX and OY, but the major 
axis parallel to OX. 

We now get a dissymme- 
trical triplet. 

Let A and B be the two 
lines of the electric doublet, 
— y the electric field alone being 
present. 

If now the magnetic field, 
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is set up B remains with vibrations parallel to the 
magnetic foi’ce. Two new components are added 
which one may consider as originating from A and 
5 by a displacement equal to a distance a. 

If the sign of r is negative, that is if the mag- 
netic force is reversed, then our considerations still 
apply with but a small change. To the frequency 
% = & + (> then corresponds 


5 ' = *- 


s -h 


The coefficient of i is in absolute measure > 1, 
but negative. 

The value of the coefficient of i with the lower 
sign is the same as above, only the sign of the ex- 
pression is reversed. 

The figure still covers the case, but the motion 
in the ellipses takes place in the opposite sense. 

The product of the two values of q determined 
by (15) is equal to unity. Hence the product of the 
horizontal, as well as of the vertical axes of both 
the vibration-ellipses is always equal to unity. 

It may be not inappropriate to make here the 
remark that the lines of the triplet considered 
in this paragraph exert a kind of “repulsion” upon 
each other; Loeektz i) proved that such must bo 
generally the case for two spectral lines. 

11. If one has to do with an oscillating electric 


Lobentz. Encyclopadie' d. math. W. V. 3. Heft 2. Mae- 
neto-optisehe Phanomene No. 36 u. No. 53. 
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field (cf. § 7) tlie lines of the triplet are broadened. 
If the supposition of § 1 concernmg the relative 
position of A, B, and O holds, the width of the 

middle component becomes-^) but that of the outer 

ones s. The components are most intense in the 
centre. 

12. The ratio of 'the axes of the ellipses in § 10 

is 1:1+ resp. 1:1 ^ if the electric effect is 

small relatively to the magnetic one. 

Hence the intensities corresponding to vibrations 
parallel to OX and to OF, differ by an amount 

2s 

proportional to — • 

If the light is examined parallel to the magnetic 
lines of force and the separation of the magnetic 
doublet is 100 times the distance s, then the differ- 
ence of the intensities of the vibrations parallel to 
the axes of the ellipses would be ^/go part of the 
intensity corresponding to the vertical or horizontal 
vibrations. Moreover the difference of intensity 
would have opposite sign with both components. 

This method seems capable of rendering impoit- 
ant services in searching for an electric effect. For 
differences of intensity of 2 % can be ascertained 
with certainty by using photographic-photometric 
measurements. We, therefore, must be able to dis- 
cover an electric effect one hundred times smaller 


1) Oomp. P. P. Koch. Ann. d. Phys. Bd. 30. p. 841. 1909. 
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than the magnetic effect traceable by means of a 
spectroscope with the maximum resolving power 
serviceable under the conditions of the experiments. 
It does not look now entirely impossible to ascertain 
under favourable circumstances an electric effect 


of the order of magnitude estimated by theory. 



13. If the electric field 
^ is non-miiform, but gradual- 
ly increasing upwards, then 
the components bend more 
and more toward the red 


Fig. 3. (Fig. 3). 

The middle component A bends more than the 
other ones, if the case considered in § 5 is under 
consideration (parallel elec- 
tric and magnetic fields). \ 

If, however, the electric 
force is vertical and the 
magnetic one horizontal. A' 
then the position of the Fig. 4. 

components must become that sketched in the next 
figure ; it is now the middle component which gets 
the smaller curvature. 



This paper was first published in : Zittingsverslagcn dor Kon. 
Akademie van Wetenschappen te Amsterdam, January 28<'li 
1911, Vol. XIX pp. 957 — 967. A translation, which has been 
reprinted here, appeared in: Proceedings Eoyal Academy of 
Sciences at Amsterdam, Vol. XIV pp. 2 — 11. It has boon pub- 
lished also : Physikalische Zeitschrift 13 (1912) pp. 177 — 183. 
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XVn. ON THE POLARISATION IMPRESS- 
ED UPON LIGHT BY TRAVERSING THE 
SLIT OP A SPECTROSCOPE AND SOME 
ERRORS RESULTING THEREFROM 

I N a comiminicatioiL “The intensities of the 
components of spectral lines divided by magnet- 
ism' ’ ^)5 I drew attention to the fact that by the 
polarizing action of the grating the ratio of the 
observed intensities of the components of a triplet 
differs considerably from the ratio present in the 
light as it is emitted by the source. In some cases 
the observer sees only a faint central component 
and two intense outer components, whereas the true 
ratio is just the reverse. In order to obtain in the 
image the true ratio of the intensities I suggested 
to introduce before the slit of the spectroscope a 
quartz plate of such a thickness, that the incident 
light is rotated through an angle of 45° 2). 

Besides the mentioned polarizing effect of the 
grating there is a second cause tending to make the 
ratio of the intensities of components of different 
direction of vibration in the image different from 
that corresponding to the constitution of the emitted 
light. I mean the polarization impressed upon light 
which traverses fine slits. Since Fizbatj®) this 


Amsterdam. Proceedings, October 26 1907; c.f. this col- 
lection paper XII, chapter II. 

*) 1. c. p. 291, this collection p. 184. 

•) Fizbau. Ann. de Chim. et de Phys. Vol. 63 p. 885. 1861. 
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effect is well-kiiowii, but the errors which may ensue 
from it in investigating spectral lines magnetically 
resolved have not yet been pointed out. 

The following simple experiment is easily made. 
A vacuum tube charged with mercury is placed in 
a horizontal magnetic field. The emitted light is 
analysed by means of a spectroscope securing gre^t 
illiunj nation and high resolving power. The slit 
must be under the control of the observer at the 
eye-piece. The two yellow mercury lines, which are 
resolved into triplets or the green mercury line, 
which splits into three groups each of three lines 
may be observed. If the slit is rather wide then the 
central components of the yellow triplets may have 
twice the intensities of the outer ones; the three 
groups of the green mercury line have about the 
same integral intensity if not wholly resolved. If 
the slit (made of platinoid) be narrowed gradually, 
the intensity of all components decreases, but that 
of the central component or group more them that 
of the outer ones. At last the central components 
of the triplets and even the middle group of the 
brilliant green line can be made to disappear 
entirely'^), whereas the outer components remain 
visible. From these observations we cannot but 
conclude that the vibrations perpendicular to the 
slit at last hardly traverse the narrow slit. 


This extreme case involves the nso of an exceptionally 
narrow slit rarely employed in practice. 
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The correctness of this explanation may be inferr- 
ed from the fact that the ratio of the intensities 
changes gradually during the narrowing of the slit. 

The Tiew may be controlled by the following ob- 
servations. If a quartz plate, rotating the plane of 
polarization through 90° be introduced before the 
slit of the spectroscope, then only the outer com- 
ponents of the resolved spectral line can be made 
to disappear. 

A second observation was made with the slit only 
of the spectroscope. The lens of the collimator 
being removed the slit of the spectroscope could be 
seen distinctly while viewing along the axis of the 
spectroscope. Looking through a calc-spar rhomb 
the slit appears double. With a wide slit, illumi- 
nated by the radiating tube, the two images exhibit 
the same intensity j a narrowing of the slit gradual- 
ly makes the image due to the vertical vibrations 
more brilliant than the other one. 

I will mention two cases in which errors may be 
introduced by the polarization impressed by the 
narrow slit. This happens in the first place in the 
ease mentioned above of the comparison of the in- 
tensities of resolved components vibrating in dif- 
ferent planes. In the second place when the reso- 
lution of lines originally diffuse toward one side 
of the spectrum is investigated, appa/rent shifts and 
dissymmetrical separations may result. Is the 
original spectral line diffuse toward the red then 
a decrease of the intensity of the central line of a 
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triplet will cause an apparent shift relatively to 
the outer components toward the violet. The reverse 
will he the ease if the original line is diffuse toward 
the violet. 

The apparent shift now under consideration has 
had no influence in the experiments concerning a 
change of wavelength by magnetic forces of the line 
Hg 5791, which the author and (independently) 
G-melut 2) discovered at the same time. Its 
existence could be demonstrated also by the method 
of I'abey and Peeot, a method not dependent upon 
the use of a narrow slit. 

It is a favourable circumstance that a quartz plate 
introduced before the slit of the spectroscope and 
giving a rotation of the plane of polarization of 
45 eliminates at the same time as well errors due 
to the polarising action of the grating as those 
caused by the narrowness of the slit. 


*) Zeeman, Change of wavelength of the middle line of tri- 
plets. Amsterdam Proceedings February 29, 1908, in print in 
the Dutch edition March 12, 1908, in the English March 29, 
1908 ; this collection paper XU chapters V — VIII. 

*) Gmeldt. Ueber die unsymmetrische Zerl^ung der gelben 
Quecksilberlinie 5790 im magnetischen Pelde. Physik. Zeitsehr. 
p. 212 (eingegangen 24 Pebr. 1908) appeared April 1, 1908. 

xvn 



335 


This paper was first published in : Zittingsverslagen der Kon. 
"Akademie vanWetenschappen te Amsterdam, October 26*1^ 1912, 
VoL yX T pp. 628—630. A translation, which has been reprinted 
here, appeared in; Proceedings Royal Academy of Sciences at 
Amsterdam, VoL XV pp. 599 — 601. It has been published also : 
Physihalisehe Zeitsehrift 14 (1913) pp. 95 — 97, to which paper 
the following remark was added by the author in correcting 
the proofs: „Ich moehte die Bemerkung himzufugen, dasz bei 
vielen, auch astrophysikalisehen, Versuchen, wo es sieh um 
mogHche Verschiebung teilweiser polarisierter Komponenten 
handelt, ein Vorversuch von Nutzen sein kann. Bringt man 
namlich gleich hinter dem Spalt (also zwischen Spalt und 
Gitter) eine diinne Kalkspatplatte und benutzt eine nicht zu 
linienreiche LichtqueUe, z.B. eine Quecksilberlampe, dann geben 
die erzeugten Doppelbilder im Spektrum mit einem Blick man- 
chen Aufsdilusz iiber die Polarisations-verhaltnisse, soweit sie 
vom Apparat herriihren.” 
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XVm. A METHOD FOR OBTAINING NAR- 
ROW ABSORPTION LINES OP METAL- 
LIC VAPOURS FOR INVESTIGATIONS 
IN STRONG MAGNETIC FIELDS 

I N the summer of 1911 we intended to make 
together some observations concerning magnetic 
double refraction of metallic vapours. 

The magnetic double refraction of some vapours 
was first discovered (and predicted) by Voigt, 
afterwards commented upon by Zeeman and Geest. 

In the paper of the last named authors the 
interesting region between the components of the 
magnetically divided sodium lines was investigated 
and the results represented by drawings. 

It seemed desirable to extend this investigation 
using very narrow lines, which can be maintained 
constant during a long time and to fix the result 
by photograms. 

Our investigation never passed the preliminary 
stage and has become now superfluous by the paper 
of Voigt and Wagner which has since appeared. 

During our preliminary observations we tested 
a great number of methods of obtaining narrow 
and constant absorption lines. It seems to present 
some interest to record one of our results. 

The absorption lines of sodium were obtained 
beautifully narrow by using small glass tubes 
charged with a Uttle metallic sodium, then sealed to 
xvm 
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the vacuum pump and evacuated. A tube some 
centimeters in length was placed vertically between 
the poles, the magnetic field being horizontal. 

It is quite possible to use tubes of an external 
width of some millimeters. Of course much of the 
light of an arc lamp is reflected and diffused by 
the tube, but enough remains to observe the inverse 
magnetic effect with a large Rowland grating. The 
magnetic resolution of the narrow lines can be 
splendidly seen and photographed in a reasonable 
time. 

The heating of the tube can be done by a flame, 
but preferently electrically. 

Of course tubes with other volatile metals can be 
prepared in the same way ^). 


This paper, written in collaboration with Prof. R. W. Wood, 
was first published in: Zittingsverslagen der Kon. Ahademie 
van Wetenschappen te Amsterdam, January 25th 1913, Vol. 
XXI p. 1163. A translation, which has been reprinted here, 
appeared in: Proceedings Royal Academy of Sciences at Am- 
sterdam, Vol. XV p. 1129. It has been published also: Physi- 
kalische Zeitschrift 14 (1913) p. 405. 


*) The method has been since applied with success in an 
investigation by Mr. Woltjbb in the Amsterdam laboratory; 
the results will be given separately. 
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XIX. MAGNETIC RESOLUTION OF SPEC- 
TRUM LINES AND TEMPERATURE 

A n influenee of the temperature of the source of 
light on the magnitude of magnetic separation 
tin now has been vainly sought. There seems to be 
a possibility for such an influence, due to the free 
electrons in the source of light, if we accept Em’s 
theory of magnetic resolution, at least in its original 
form. We thought it of interest to inquii'e for such 
an action, now that we are able to produce narrow 
spectrum Imes of low temperature by means of the 
STnfl.11 tubes of Wood and Zeeman i). On the other 
hand we possess sources of light of very high tem- 
perature, viz. the oxygen-acetylene flame and the 
electric spark. 

With these means for the magnetised source of 
light, Mr. H. R. Woltjer has made an investiga- 
tion concerning magnetic resolution at different 
temperatures. An exhaustive discussion only of the 
results of the measurements, which shall be pu- 
blished in H. E. Woltjer’s thesis for the doctorate, 
can fix the maximum change of the magnetic reso- 
lution. Besides the magnitude of the resolution the 
ratio of the intensities of the divided components is 
of importance to theory. We have begun a separate 
investigation concerning this subject. In the first 

'*) R. W. Wood and P. Zeeman, Amsterdam Proceedings. 
Pebr. 1913 ^ e.f. this collection the preceding paper. 
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Pig. 1. Outer components of sodium lines of low 
temperature in magnetic field. 




Fig. 2. Magnetised sodium lines in gas-oxygen fiame. 



Fig. 3. Magnetised sodium lines of 300° 0. 
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place the behaviour of the line Do, was investigated. 
Under the influence of the magnetic field it is 
resolved into sij: components, of which foui* vibrate 
at right angles to the field and therefore imder the 
same circumstances as to j)olarization. The polar- 
izing action of the grating i) and of the glass sodium 
tube cannot change therefore the ratio of the intensi- 
ties of these four components. The reproduction 
on plate XIV Fig. 1 shows the outer components 
of the magnetised absorption sodium-lines using one 
of the above-mentioned tubes (temperature 350° C.). 
The narrowness of the lines is well exhibited in the 
reproduction. The figures 2 and 3 refer to experi- 
ments with a calc-spar rhomb placed before the slit 
of the spectroscope, and a horizontal slit near the 
source of light. The field of view is divided into 
three parts: one with the horizontal, one with the 
vertical vibrations and the third due to natural 
light 2). 

The photograph reproduced on plate XIV Fig. 2 
was made with a gas-oxygen flame, which in later 
experiments (with similar results) was replaced by 
an acetylene-oxygen flame. The temperature of the 
gas-oxygen flame is estimated at 2000° C. that of 
the acetylene-oxygen flame at 2400° 0. 

The temperature of the sodium tube, used for the 


*) P. Zehman, Amstei*dam Proceedings, October 1907 ; c.f. 
this collection paper XII chapter II. 

*) Of. P. Zbkman and B. Winaweb, Amsterdam Proceedings, 
January 1910; this collection paper XV. 
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experiment to ttMcIi I’ig. 3 relates, was determined 
at about 300° C. by means of a thermo-couple. 

A comparison of the photographs 2 and 3 clearly 
exhibits a difference of the ratio of the intensities 
of the outer components. At the higher temperature 
the outer components appear much fainter in rela- 
tion to the inner ones than at the temperature of 
300° C. A closer inspection shows that in the latter 
case also, the inner components surpass the outer 
ones in intensity, but the difference is less. If the 
density of the sodium vapour is increased, there is 
a greater difference in the behaviour of inner and 
outer components at the higher that at the lower 
temperature. We have the intention to return to 
this point on a further occasion. It would appear 
that we are able by merely changing the temperature 
to influence the separate magnetic components and 
to change within certain limits their intensities. 

With the electric spark the outer components are 
relatively feeble just as with the oxygen-acetylene 
flame. 

It should be noticed that in the experiment to 
which figures 2 and 3 relate, the temperature has 
been changed, but the pressure as well. 

In the glass tube the pressure is of the order of 
some mihimetres, whereas the total pressure — 
which according to Htimpbiibys is decisive in the 
phenomena of pressure-shift of spectrum lines, — 
in the experiment with the gas-oxygen flame is 
equal to one atmosphere. 
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In a few cases Htoipheets observed also a change 
in the relative intensities of spectrum lines. Hence 
there would be a possibility that the difference 
between figures 2 and 3 is partially due to a change 
of the total pressure. 

The effect now imder review is of a rather com- 
plicate character. Besides the BoppLER-effect, also 
the density of the vapour, the change of pressure 
and the length of the path of the light rays must 
play a part. Though apparently there exists an 
influence of temperature on the aspect of the 
resolved lines under the circumstances of our ex- 
periments, it cannot be denied that the interpreta- 
tion of observations concerning the amount of the 
separation is more easy. The complications men- 
tioned are then eliminated. 


This paper, written in collaboration with Mr. H. R. Woltjbr, 
was first published in: Zittingsverslagen der Kon. Akademie 
■van Wetenschappen te Amsterdam, June 28*^. 1913, VoL XXII 
pp. 164—166. A translation, which has been reprinted here, 
appeared in ; Proceedings Royal Academy of Sciences at Am- 
sterdam, VoL XVI, pp. 158 — 159. It has been published also: 
Physikalische Zeitschrift 14 (1913) pp. 914 — 915. 
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